REMARKS 

In the Final Office Action dated April 29, 2008, Claims 1, 2, 4-7, 9-15 and 17-20 are 
pending. Claims 6 and 12 are withdrawn from consideration as directed to non-elected species. 
Therefore, Claims 1, 2, 4, 5, 7, 9-11, 13-15 and 17-20 are currently under examination on the 
merits. Claims 14, 15 and 17-20 are rejected under 35 U.S.C. §1 12, first paragraph, as allegedly 
lacking enabling support. Claim 15 is rejected under 35 U.S.C. §102(b) as allegedly anticipated 
by Falsen et al. {Journal of Systematic Bacteriology, 217-221, 1999). Claim 20 is rejected under 
35 U.S.C. §1 12, first paragraph, as failing to comply with the written description requirement. 
Claims 1, 4, 9, 10, 13, 14, 19 and 20 are objected to for certain informalities. 

This Response addresses each of the Examiner's objections and rejections. 
Applicants therefore respectfully submit that the present application is in condition for 
allowance. Favorable consideration of all pendmg claims is therefore respectfully requested. 

Clahns 14, 15 and 17-20 are rejected under 35 U.S.C. §112, first paragraph, as 
allegedly lacking enabling support. The Exanoiner acknowledges that the specification is 
enabling for a method of inhibiting urogenital pathogen colonization of the urogenital tract in 
women by administering a therapeutically effective amount of Lactobacillus iners and a 
pharmaceutically acceptable carrier, wherein the Lactobacillus iners is administered orally or 
vagmallv . However, the Examiner contends that the specification does not provide enablement 
for a method of maintaining a healthy urogenital flora in females by administering a 
therapeutically effective amount of at least one L. iners by any route of administration as 
allegedly recited in claims 14, 19 and 20. The Examiner also contends that the specification does 
not provide enablement for a method of treatment of any infection in a subject as allegedly 
encompassed by claim 19. 
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In an effort to favorably advance prosecution, Applicants have amended Claim 14 to 
recite "wherein said Lactobacillus iners is administered orally or vaginally." Support for liie 
amendment is found in the specification on page 9, lines 20-21 . 

Applicants fiirther submit that since the filing date of present application, references 
in the art have confirmed that Lactobacillus can be administered to the vagina by the oral route. 
See, e.g., Antonio et al. ("Colonization of the rectum by Lactobacillus species and decreased risk 
of bacterial vaginosis." J Infect Dis. 2005 Aug l;192(3):394-8. Epub 2005 Jun 28) (copy of the 
Abstract is enclosed as Exhibit N); Vasquez et al. "Oral administration of Lactobacillus and 
Bifidobacterium strains of intestinal and vaginal origin to healthy human females: re-isolation 
fi-om feces and vagina." Microbial Ecol. Health Dis 2005, 17: 15-20; Nishijima et al. 'Trobiotics 
affects vagmal flora in pregnant women, suggesting the possibility of preventing preterm labor." 
J Clin Gastroenterol 2005, 39: 447-8) (Exhibit O). 

Notably, Nishijima et al. stated that "oral admmishration of probiotics (lactobacilli) 
can restore vaginal flora in pregnant women. Our results strongly support Raid's theory " See 
last paragraph of Nishijima et al. (emphasis added). Applicants respectfully submit that the 
Nishijima et al. reference provides verification for a method of treating an infection, irrespective 
of the type of infection, and for maintaining a healthy urogenital flora. The reference also 
confirms the viability of application of tiie claimed method to pregnant female subjects. 

Moreover, Applicants provide the following additional examples to demonstrate that 
lactobacilli can have an effect on a wide range of diseases. 

For example, studies have shown that lactobacilli can modulate immunity via 
ingestion and the gastrointestinal tract, and have an impact at distant sites. The therapy 
employed in the presentiy claimed method has been demonstrated to reduce the duration of 
respuratorv infections (de Vrese et al. "Effect of Lactobacillus gasseri PA 16/8, Bifidobacterium 
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longiim SP 07/3, B. bifidum MF 20/5 on common cold episodes: a double blind, randomized, 
controUed trial." Clin Nutr. 2005 Aug; 24(4):481-91. Epub 2005 Apr 21) (Exhibit A), urinary 
tract infections (Lee et al., "Probiotics prophylaxis in children with persistent primary 
vesicoureteral reflux. Pediati- Nephrol. 200 7 Sep; 22(9):1315-20. Epub 2007 May 26) 
(Exhibit B), cancer (Naito et al., "Prevention of recurrence with epmibicin and Lactobacillus 
casei after transurethral resection of bladder cancer." J Urol. 2008 Feb;179(2):485-90) 
(Exhibit C), as well as produce by-products that provide the opportunity to treat many 
conditioiis (Martm et al., "Probiotic modulation of symbiotic gut microbial-host metabolic 
interactions in a humanized microbiome mouse model." Mol Syst Biol. 2008;4: 1 57. Epub 2008 
Jan 15) (Exhibit D). 

Accordingly, Applicants respectfully submit that the specification provides sufficient 
description for one skilled in the art to practice the presently clauned method for treatment of 
various infections usign L. iners, without undue experimentation. References in the art have also 
confirmed the effects of Z,. iners as claimed in the present application. Indeed, L. gasseri, G. 
vaginalis and L iners have been reported to be the most frequent bacterial species in the vagina 
(Nikolaitchouk et al., "The lower genital tract microbiota in relation to cytokine-, SLPI- and 
endotoxin levels: application of checkerboard DNA-DNA hybridization (CDH)." APMIS. 2008 
Apr;l 16(4):263-77) (Exhibit E). Furthermore, Applicants respectfully submit that the same 
dose of lactobacilli administered (e.g., by mouth) can have multiple effects including modulatme 
iPUPmiity in the gut (Baroja et al, "Anti-inflammatory effects of probiotic yogurt in 
inflammatory bowel disease patients." Clin Exp Immunol. IQQl Sep; 149(3):470-9 . Epub 2007 
Jun 22) (Exhibit F), tareatine HIV/AIDS (Anukam et al. 'Togurt containing probiotic 
Lactobacillus rliamnosus GR-1 and L. reuteri RC-14 helps resolve moderate diarrhea and 
increases CD4 count in HIV/AIDS patients." J Clin GasU-oenterol. 2008 Mar; 42(3):239-43) 
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(Exhibit G); treating bacterial vaginosis (Anukam et al. "Augmentation of antimicrobial 
metronidazole therapy of bacterial vaginosis with oral prohio^c Lactobacillus rhamnosiis GR-1 
and Lactobacillus reuteri RC-14: randomized, double-blind, placebo controlled trial. Microbes 
Infect. 2006 May;8( 6): 1450-4. Epub 2006 Mar 29) (copy of the Abstract is enclosed as Exhibit 
P). 

The Examiner asserts that the use of an antibiotic is designed to kill bacteria, which 
use would not be appropriate to treat a viral infection. However, this assertion is no longer 
entirely correct. There are examples in the literature of antibiotics being used in human subjects 
having viral infections, to prevent superinfection by bacteria. See, e.g., Thorbum et al. ("High 
incidence of puhnonary bacterial co-infection in children with severe respiratory syncytial virus 
(RSV) bronchiolitis." Thorax. 2006 Jul;61(7):611-5. Epub 2006 Mar 14) (Exhibit H). Exhibit H 
demonstrates that "up to 40% of children with severe RSV bronchiolitis requiring admission to 
the PICU were infected with bacteria in their lower airways and were at increased risk for 
bacterial pneumonia." See Abstract of Exhibit H. There are also examples of antibiotics being 
used to improve weiglit of livestock animals or in cancer and HIV/AIDS therapy (Xing et al. 
"Novel beta-lactam antibiotics derivatives: their new applications as gene reporters, antitumor 
prodrugs and enzyme mhibitors." Mini Rev Med Ckem. 2008 May;8(5):455-71) (Abstract is 
enclosed as Exhibit I). Xing et al. state that "recently, these 'old' antibiotics and their relevant 
derivatives have also found new applications as gene reporters, anti-cancer prodrugs and enzyme 
inhibitors." See Exhibit I (emphasis added). 

Applicants submit that evidence has also demonstrated that direct vaginal 
administration of lactobacilli for treatment of infection has been successful (Anukam et al. 
"Clinical study comparing probiotic Lactobacillus GR-1 and RC-14 with metronidazole vaginal 
gel to treat symptomatic bacterial vaginosis." Mcroiej Infect. 2006 Oct;8(12-13):2772-6. Epub 
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2006 Sep 1 1) (copy of the Abstract is enclosed as Exhibit Q). Given thati. iners is a frequent 
colonizer of the vagina and has athibutes suitable for curing bacterial vaginosis (see the Saunders 
et al. reference, which was provided to the Examiner in previous response dated February 4, 
2008), L. iners would be perfectly capable of treating infection. 

The Examiner appears to be of the opinion that the healthy vaginal flora requires 
multiple species of lactobacilli. Contrary to the Examiner's opinion, Applicants respect&lly 
submit that vaginal region is often only colonized by one dominant strain . See Heinemann and 
Reid, ("Vaginal microbial diversity among postmenopausal women with and without hormone 
replacement therapy." Can J Microbiol. 2005 Sep;51(9):777-81) (copy of the Abstract is 
enclosed as Exhibit R) and Fredricks et al. ("Molecular identification of bacteria associated 
with bacterial vagmosis.A'^fing/JMerf. 2005 Nov 3;353(18):1899-911) (Exhibit J). 

The Examiner contends that there are different bacterial strains, which have different 
functions. In this respect. Applicants submit that although differences exist among strains of 
bacteria, there is a consistency that classifies one bacterium within a certain family of like strain. 
Thus, lactobacilli are not like E. coli. Applicants submit that the commonality that L iners has 
with other lactobacilli strains, such as L. rhamnosits GR-1 andi. reuteri RC-14, is that all 
lactobacilli strains inhabit, colonize and improve the well-being of the vagina. The precise 
mechanisms involved in countering disease can differ, but the end result is the same - improved 
health of the urogenital tract. 

The Examiner relies on Fern et al. (Clin. Microbio. 1016-18, 2007) to question the 
protective role of L, iners. Applicants observe that Fern et al. state that "L. iners is prevalent in 
grade lb, a variant of normal, and in grade III, representing bacterial vaginosis (BV). We 
speculate that L. iners is a transitional species and that an L. crispatus-predominant species 
composition represents a stable flora." Applicants respectfully submit that since only the 
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inventors' group has actually performed experiments using L. iners, the Ferris et al. reference is 
the first to evaluate X. iiiers in light of its probiotic potential. However, Applicants respectfully 
submit that Ferri et al. represented only one view of the role of L. iners in health at an earlier 
time. A recent study shows that Lactobacillus iners was the predominant Lactobacillus found in 
over 50% samples and this was associated with a healthy vagina. See Dahn et al. ("Effect of 
bacterial vaginosis, Lactobacillus and Preraarin estrogen replacement therapy on vaginal gene 
expression changes." Microbes Infect. 2008 May;10(6):620-7. Epub 2008 Feb 21) (Exhibit K). 
Dahn et al. recognize that L, iners was not associated with BV, as previouly suggested in the art. 

Therefore, Applicants respectfully submit that in view of the specification and well 
known knowledge in the art, one skilled in the art can make and use the appropriate lactobacilli 
in the methods as claimed in the present application, without undue experimentation. In view of 
the foregoing argument and the amendment to the claims, the rejection of Clauns 14, 15 and 17- 
20 under 35 U.S.C. §112, first paragraph, as allegedly lacking enabling support, is overcome and 
withdrawal thereof is respectfiilly requested. 

Claim 15 is rejected under 35 U.S.C. § 102(b) as allegedly anticipated by Falsen et al. 
{Journal of Systematic Bacteriology, 217-221, 1999). The Examiner alleges that Falsen et al., 
teaches a new isolated species of Lactobacillus: L. iners that grows in an agar culture 
supplemented with 5% horse blood at 37°C in air plus CO2. According to the Examiner, a 
prebiotic broadly encompasses any growth media that enhances ttie growth of the bacteria (e.g., 
serum added to the media). Therefore, the Examiner concludes that the Falsen et al. anticipate 
the present invention by teaching a new isolated species of Lactobacillus: L. iners that grows in 
an agar culture supplemented with 5% horse blood at 37°C in air plus CO2, which is further 
prepared in SDS (Sodium Dodecyl Sulfate) for protein quantification. 
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Applicants observe that, as acknowledged by the Examiner, Falsen et al. simply 
identiiy a single L. iners organism, which identification by itself, without more, does not teach or 
suggest that the L. iners organism can be placed in a pharmaceutical or food carrier and delivered 
for therapeutic purposes. Applicants respectfully submit that the agar media used by Falsen et al. 
is well known to be capable of growing many types of microorganisms including pathogenic 
ones. In this regard. Applicants respectfully submit that contrary to the Examiner's allegation 
that a prebiotic broadly encompasses any growth media that enhances the growth of the bacteria, 
a prebiotic recited by Claim 15 is clearly defined by the present application as "a . . . substrate 
that . . . selectively enhances the growth and/or the metabolic activity of a bacterium or a group 
ofbactria. A prebiotic also includes a nutrient utilized by lactobacilli or bifidobacteria to 
stimulate and/or enhance growth of lactobacilli or bifidobacteria relative to pathogenic bacteria ." 
See page 7, lines 5-9 of the specification (emphasis added). Thus, Falsen et al. do not teach or 
suggest that blood agar can be a prebiotic . hideed, Apphcants respectfully submit that by 
definition, blood agar is not a prebiotic because it cannot selectively enhances the growth of a 
bacterium or a group ofbactria relative to pathoEenic bacteria . Moreover, blood agar cannot 
possibly fimction as a prebiotic because its contents can be digested in the body and do not 
require lactobacilli. Blood agar is not a carrier either. In fact, many organisms, including 
pathogens, can digest this agar and serum, making blood agar a very poor choice for a carrier. 
Therefore, one skilled in the art in view of the present application will recognize that blood agar 
and serum are not prebiotics or suitable carrier vehicles for lactobacilli application as claimed. 

Applicants submit additional evidence to demonstrate that blood is not a prebiotic 
(the definition of which can be found in "Food component that confer a health benefit on the host 
through modulation of the microbiota" - Food Quality and Standards Sei-vice (AGNS) Food and 
Agriculture Organization of the United Nations (FAO) September 15-16, 2007) (Exhibit L). 

^ ^ H:\work:\!253\15339\Amend\15339jim4.doc 



As such, Applicants respectfully submit that the Falsen et al. reference does not teach 
or suggest each and every element recited in Claim 15. Therefore, the rejection of Claim 15 
under 35 U.S.C. § 102(b) as allegedly anticipated by Falsen et al. is overcome and withdrawn 
thereof is respectfully requested. 

Claim 20 is rejected under 35 U.S.C. §1 12, &st paragraph, as faiUng to comply with 
the written description requirement. The Examiner essentially contends that the phrase 
"displacing vagmal pathogens" as recited in Claim 20 is not described in the specification. The 
Examiner alleges that Claim 20 is directed to both indigenous and endogenous vaginal 
pathogens. 

The Examiner asserts that the recited vaginal pathogen encompasses exogenous 
microorganisms, such as HIV and herpes. To this end, Applicants respectfiiUy submit that the 
present invention is partly predicated upon the recognition that L. iners' ability to restore and 
maintain health of the urogenital tract begins with its ability to reduce the infectious agents 
which originate in the mtestine and ascend from the rectum to the vagina. Neither HIV nor 
herpes simplex virus infects in this manner. 

The present invention recognizes that bacterial vaginosis organisms and the condition 
itself were displaced coinciding with the presence ofL. iners. Since bacterial vaginosis has a 
prevalence of 29% (AUsworth and Peipert, "Prevalence of bacterial vaginosis: 2001-2004 
National Health and Nutrition Examination Survey data." Obstet Gynecol 2007 Jan;l 09(1): 114- 
20) (Exhibit M), the recognition of L. iners in healthy subjects by the present invention proves 
that L. iners has anti-infective properties. Thus, Applicants submit that the present inventors had 
possession of the subject matter at the time of the present appUcation was filed. 

In an effort to favorably advance prosecution, AppHcants have also amended Claim 
20 to recite "wherein the vaginal pathogens are gastrointestinal or urogenital bacterial flora." 
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Support for the amendment is found on bottom of page 7 of the specification. No new matter is 
introduced. 

In view of the above discussion and amendment to Claim 20, the rejection of Claim 
20 under 35 U.S.C. §1 12, first paragraph, as allegedly failing to comply with the written 
description requirement is overcome and withdrawal thereof is respectfully requested. 

The Examiner objects to the amendments to the claims. The Examiner alleges that 
the amendment filed on December 18. 2007 does not comply with the requirements of 37 C.F.R. 
§ 1 . 1 2 1 (c). The Examiner alleges that changes in the text of currentlv amended withdrawn claim 
13 filed on Februarv 4. 2008 was not completely marked with respect to the previously presented 
claim 1 7, filed on July 26, 2007. Specifically, currently amended claim 1 7 has been amended, 
thus it is not identified with the proper stahis in the claim listing. 

AppUcants respectfiiUy submit that no response was filed on December 18, 2007. 
Claim amendments that were filed on February 4, 2008 and July 26, 2007 both fullycomplied 
with the requirements of 3 7 C.F.R. § 1 . 1 2 1 (c). Applicants respectfully request clarification of 
this objection fiom the Examiner. 

Clahns 1, 9, 13, 14, 19 and 20 are objected to for certain informalities. The Examiner 
states that Claims 1, 9, 13, 14, 19 and 20 recite the phrase "of at least one Lactobacillus iners" 
which could be interpreted as administering solely one bacterium. The Examiner suggests that 
the deletion of the phrase "of at least" will help to clarify the meaning of the claims. Applicants 
have amended the claims in accordance with the Examiner's suggestion. 

Claims 4 and 10 are objected to for certain informalities. The Examiner states that 
Claims 4 and 10 recite the phrase "fiirfher comprising a second probiotic. " Accorduig to tiie 
Examiner, claims 4 and 1 0 depend on claims 1 and 9, respectively. The Examiner asserts that 
one of skilled in the art understand that the second probiotic is administered to the methods of 



claims 4 and 10. As such, the Examiner suggests that the insertion of the phrase "comprising 
administering" wUl help to clarify the meaning of the claims. Applicants have amended the 
claims in accordance with the Examiner's suggestion. 

In addition, the Examiner states that Claims 4 and 10 recite the phrase "a second 
probiotic". Claims 4 and 10 depend on claims 1 and 9, respectively. However, the Examiner 
indicates that claims 1 and 9 do not expHcitly recite administering a first probiotic Lactobacillus 
iners. The Examiner suggests that the insertion of the phrase "a first probiotic" will help to 
clarify the meaning of the claims. Applicants have amended the claims in accordance with the 
Examiner's suggestion. 

Therefore, the objections of Claims 1, 4, 9, 10, 13, 14, 19 and 20 are obviated and 
withdrawal thereof is respectfully requested. 

hi view of the foregomg amendments and remarks, it is firmly heheved that the 
subject application is in condition for allowance, which action is earnestly soHcited. 
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KEYWORDS Summary 

Probiotics; Bacltsround & aimst The aim of this study was to investigate whether the 

Common cold; consumption of Lactdiaciltus sasseri PA 16/8, Bifidobacterium lonsum SP 07/3, 

Respiratory tract B. bifidum MF 20/5 {5 x lO^cfu/tablet) during at least 3 months influences the 

infections; severity of symptoms and the incidence and duration of the common cold. 

Immune system - Methods: A randomized, double-blind, placebo-controlled intervention study 

was performed over at least 3 months during two winter/spring periods. Four 
hundred and seventy nine healthy adults (aged 1 S-67) were supplemented daily with 
vitamins and minerals with or without the probiotic bacteria. Cellular immune 
parameters were evaluated in a randomly drawn subgroup of 122 volunteers before 
and after 14 days of supplementation. During common cold episodes, the 
partldpants recorded symptoms daily. Stool samples were collected before and 
after 14 days of probiotic supplementation to quantify fecal Lactobacilli and 
Bifidobacteria using qRT-PCR. 



'Corrraponding author. Tel.: +49431 6092471 ; fax: +49431 6092472. 
E-mail address: devrese@bafm.de (W. de Vrese). 

0261-5614/$ - see front matter © 2005 Elsevier Ltd, All rights reserved, 
doi: 1 0.1 01 6/j .dnu.2005.02.006 



M. de Vrese et al. 



Results: The total symptom score, the duration of common cold episodes, and days 
with fever during an episode were lower in the probiotic-treated group than in the 
control group: 79.3±7.4 vs. 102.5+12.2 points (P = 0.056), 7.0+0.5 vs. 8.9 + 1.0 
days (P = 0.045), 0.24±0.1 vs. 1.0+0.3 days (P = 0.017). A significantly higher 
enhancement of cytotoxic plus T suppressor cells {CD8+) and a higher enhancement 
of T helper cells {CD4+) v^as observed in the probiotic-treated group. Fecal 
lactobacilli and bifidobacteria increased significantly after probiotic supplementa- 
tion. 

Conclusions: The intaite of probiotic bacteria during at least 3 months significantly 
shortened common cold episodes by almost 2 days and reduced the severity of 
symptoms. 

© 2005 Elsevier Ltd. All rights reserved. 



Introduction 

Despite great advances in medicine, common virus 
infections such as the common cold or influenza 
continue to cause a considerable economic burden, 
due to loss in productivity and high medical costs. ^ 

Several strains of probiotic microorganisms have 
a positive influence on a broad range of functions 
related to the host's defense system. ^'^ Hov(/ever, 
whereas many publications describe effects of 
probiotic microorganisms on intestinal pathogens/ 
there are few studies investigating their effect on 
infections in other organ systems, especially the 
respiratory tract. ^ 

The first evidence that probiotic strains could be 
effective in respiratory tract infections came from 
mice, where the oral administration of Bifidobac- 
terium tireve YIT4064 augmented anti-influenza IgG 
production and protected against influenza infec- 
tion.^ A study on 129 children with acute respira- 
tory tract infections showed that the 
administration of a bifidobacteria preparation 
stimulated T-cell and B-cell immunity, natural killer 
cells and interferon release.^ Finnish children in 
day care centers who consumed milk containing 
Lactobacillus rhamnosus GG (ATCC 53103) during 
seven months in winter had 17% fewer respiratory 
tract infections than the control group.^ The 
administration of an Enterococcus faecalis prepara- 
tion (Symbfoflor*') resulted in fewer relapses of 
chronic, recurrent, respiratory tract infections, 
especially bronchitis and sinusitis.'*^" In a 3 weeks 
observation period in elderly people, the duration 
of gastrointestinal and respiratory illnesses was 
significantly lower in the group receiving L casei 
DN-114001 than in the control group." These 
studies, however, do not distinguish between 
bacterialLy and virally Induced infections. In two 
of them gastrointestinal infections were considered 
together with respiratory infections in the primary 
parameter. 



The aim of the present study was to Investigate 
whether the consumption of certain probiotic 
bacteria during a period of at least 3 months in 
winter/spring affects the severity of symptoms, the 
incidence and duration of naturally acquired 
common cold infections, and the cellular Immune 
response in otherwise healthy adults. 

The dietary supplement used in the present study 
was thought to be an "all-in-one" product, which 
was designed to secure adequate vitamin and 
mineral intake according to the dietary allowances. 
Adequate supply was shown to have impact on 
immunity. Probiotics were added with the aim of 
enhancing immune defense. Since we wanted to 
investigate the probiotic effect, the control group 
was supplied v/ith the same amount of vitamins and 
minerals as the probiotic-treated group. 



Methods 

Study design and ethics 

The study was carried out double-blind, rando- 
mized, and placebo- controlled, with two parallel 
arms. It was approved by the ethics committee of 
the Medical Faculty of the Christian-Albrechts- 
University Kiel, Germany. All participants gave 
their written informed consent before inclusion in 
the study. 

Participants 

Volunteers were recruited by advertisements. A 
total of 479 healthy women and men were enclosed 
after physical examination. Four hundred and fifty- 
four of them completed the study. The exclusion 
criteria were; laboratory parameters outside the 
normal range, known congenital or acquired im- 
mune defects, allergies and other chronic or acute 
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diseases requiring treatment, alcohol or drug 
misuse or both, pregnancy or lactation, interfering 
dietary habits, or vaccination against influen2a 
within the last 12 months. 

During the study, neither immune stimulating 
medication nor abnormal physical exercise was 
allowed. The volunteers were asked to maintain 
their usual eating habits but to refrain from eating 
products containing prebiotics and/or probiotics 
according to labeling and the following fermented 
milk products: yogurts, kefir, creme fraiche, sour 
creme, and sour milk. Cheese was allowed for 
compliance reasons. Curd cheese and butter milk, 
which are fermented using mesophilic starter 
cultures, which do not include probiotic strains, 
were also permitted. The participants were briefed 
in an informative meeting and in written form 
before the study started. 

Test preparations, blinding, and 
randomization 

Test preparations were given in tablets with the 
same appearance, smell and taste. They contained 
either SxlO'^cfu of the spray dried probiotic 
bacteria with vitamins and minerals (hereafter 
called probiotics) or just the vitamin mineral 
preparation (hereafter called control). The vita- 
mins and minerals in this preparation were accord- 
ing the EC recommended daily allowance (RDA) as 
far as existing (for details see Table 1). 

The probiotic strains used in this study were L 
Sasseri PA 16/8, B. lonsum SP 07/3, S. bWdum MF 
ZO/5 [Tribion harmonis™). The number of viable 
probiotic bacteria declared for the product during 
the study period was guaranteed by long-term 
stability tests carried out by the supplier. These 
bacterial strains have been shown to help protect 
mice from intestinal infections with pathogenic 
£scherfc/i/a co/f 0-136.^^ 

All test preparations were prepared, packaged, 
and randomized by the supplier (Merck, Consumer 
Health Care) who labeled the packages with 
identification numbers in order to fulfill the criteria 
of a double-blind trial. 

Ttie volunteers were assigned to these identifica- 
tion numbers, according to recruitment. 

Intervention 

Two hundred and forty-four partidpants were 
observed during a 3 month period (between 
January and May 2001 ), and 237 partiidpants during 
a 5.5 month period (between December 2001 and 
June 2002). The volunteers were asked to take one 



tablet of the test preparation per day, in addition 
to their usual diet. They collected the tablets from 
the Federal Research Centre for Food and Nutrition 
every 4 weeks. This ensured close contact to the 
volunteers in order to ascertain optimal compli- 
ance. 

Cellular immune response was assessed by flow 
cytometry in a randomly drawn subgroup of 122 
partidpants (61 per study group) before and after 14 
days of supplementation in the first study period. As 
a randomized block design was used, we were 
ensured that the groups were of the same size. 

During respiratory tract infection episodes, the 
partidpants used questionnaires to daily record the 
symptoms mentioned. An episode was defined as 
the appearance of at least one spedfic respiratory 
tract symptom (nasal, pharyngeal or bronchial). 
With the aim of excluding bacterial respiratory 
tract infections, episodes were not considered if a 
partidpant received antibiotic treatment. On day 
two of each episode, nasal secretions were col- 
lected for virus identification. 



Outcome measures 

The follovflng parameters were calculated: 

• single spedfic symptoms that appeared during 
common cold episodes, 

• total symptoms score expressing overall severity 
of each episode (primary parameter), 

• the duration and incidence of common cold 
episodes, 

• the cellular immune response, 

• the type of viruses identified, and 

• fecal lactobacilli and bifidobacteria. 

Clinical assessment of common cold episodes 

The questionnaires for assessing the common cold 
episodes were based on studies by Stansfield et al. 
and Mossad et al.''^''''* Volunteers noted nasal 
symptoms (running nose, stuffed nose, blowing the 
nose, yellow secretion, bloody secretion, sneezing), 
pharyngeal symptoms (scratchy throat, sore throat, 
hoarseness), and bronchial symptoms (cough, secre- 
tion, yellow secretion), headache, myalgia, con- 
junctivitis (reddish eyes), fatigue, loss of appetite, 
and fever (oral temperature >37.7''C) daily Sever- 
ity of nasal, pharyngeal, and bronchitis symptoms, 
as well as headache, myalgia, and conjunctivitis 
was each graded as: no symptoms = 0, mild 
symptoms = I, moderate symptoms = 4, and severe 
symptoms = 6. Sneezing, fatigue, and loss of appe- 
tite were graded as: yes = 1 , no = 0. Fever was 
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TaWe .l . Composition of the test preparations. 



- R-obiotics pluB.vitamins 
' and minerals 



. Control (vitamins and 
minerals) 



Probiotic bacteria (cfu): 


7 




(LactabacUlus sossen PA 16/8^ 






Bipdobacterium lansum SP 07/3, 


5x10^ 




- B. blfidum MF20/5)* 






Vitamin C (mg) i 


60 


Vitamin E (mg) • 


10 




Nicotinamide (mg) ' 




'18 


. , 1 Vitamin A (ng) 


Rnn ' 


800 
30 


' V'itaniin Rl (ugl ,^ , 


30 


- .yitarriih Ii6 (mg) . - - 






Vitamin B1 .(mg)' ■ ' 


I't' . • - 


4 


' Vitamin B2 (mg) 




16 


Vitamin D (ng) , \ 






Vitamin B12 (jig) , ! 


, -. . 1 "t, -; - ■ , 




Folic add 


^200 




Biotin (^lg) 


150 


150' 


- Pantothenic acid (mg) 




6 


' Calcium (mg) ' 


40' 


40 




16 


' 16- 


Potassium (m§) 


5 


5" 


'. , Chloride (mg) 


4.5 


4,5 


V "Magnesium (me) 


5 , , 


5 


' Iron (ms) 




14 


Zinc (mg) " - , , . ^ 


15 ' - 


15 


JAanganese (mg)' ' , 




2" 


Seleniung.tiig); ^ - 


. 30 


30 


.Silicon (^ig), ^' ' * . . - i , . 






Chromium (|ig) 


25 


25", 


' Molybdenum (jig) ' •,•_,,<' 


25 




Iodine (^ig) 


. ' 150 , - 


' 150' 



- -;nsred;enta-MicracrystaUine cellulose, Calaum ascorbate granulate, Lactose jnonohydrate, Tricalciurrvphdsphate anhydrous. 
'Crating:' (Shellac, Hydroxypropyl molliy; celiuiose, Acetylated monDglycGridos povidone glycerol), Imn (ll) sulphate hydrate, 
'Vitamin 'E ' preparation "(DL^Mpha tocopheryl acetate), Glucose, Selenium yeast, Probiotic bacteria" powder, Glycerol 
'monostearate,' Nicotinamide, 21nc oxide, Soaium carboxymethyl cellulose. Povidone, Potassiutn.chloride; MagnestLim oxide, 
Calcium "pantothenate, Crospovidone, Vitamin A preparation, Manganese (II) sulphate rmnqhydrate, Magnesium stearate. Iron 
oxide, Vitamin K1 glucose trituration, Vitamin D3 powder, Pyndoxinc hydrochloride, Thiamine' mononitrate, Riboflavin, 
Colloidal' silicon diowde, Cyanocobalamine glucose trituration. Folic add. Potassium iodide,' Biotin; Chromium (III) chloride 
hexahydr^te, Sodium molybdate dihydratei - " ~ . ' , ; , ' - ^ 



always scored as 6. These symptom scores were 
combined to produce a daily symptom score v/ith a 
maximum of 45 per day. The daily recorded scores 
were added up over the illness period to produce a 
total symptom score. 



Flow cytometry 

Blood cells were analyzed with the aid of a EPICS'^ 
XL-MCL flow cytometer (Beckman Coulter*^ Kre- 



feld, Germany). Lymphocytes (CD45+), B-lympho- 
cytes (CD45+, CD19+), T-lymphocytes (CD45+, 
CD34-), Th cells (CD45+. CD3+, CD4+). Ts plus Tc 
cells {CD45+, CD3+, CD8+), and natural killer cells 
(CD 45+, CD 56+) were differentiated using a 
Beckman Coulter tetraChrome test®. Cell popula- 
tions were calculated by Coulter® System II 
Software, Version 3.0, and Coulter® tetraONE 
SYSTEMsoftware. In order to determine T-lympho- 
cyte activation, whole blood was incubated 
With 5(ig PHA/ml or 20 ng PHA/ml for Zh {the 
control was the same treatment with PBS). CD69 
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expression was chosen as an early activation 
marl^er.^^ The cells were stained witii CD3, CD4, 
CDS, and CD69 monoclonal antibodies (10 Test® 
Coulter Immunotech). The number of granulocytes 
and monocytes was determinated using forward 
and sideward scatter. Phagocytic activity was 
investigated by the Orpegen PhagoTest-". This test 
kit determinates phagocytic function of granulo- 
cytes and monocytes in whole blood by measuring 
ingestion of fluorescein-iabeled E. coli.^^ 



Virus identification 

For virus identification samples of nasal discharge 
were used. Knowing that this material warrants 
lower sensitivity than nasopharyngeal aspirate, we 
chose these samples for compliance reasons since 
aspiration is associated with some discomfort. The 
volunteers blew their noses into a cellulose wipe 
(Kimwipes-^ Lite 100® Kimberly-Clarl< Corporation). 
The samples were refrigerated and stored in loclt- 
able plastic containers at -20 °C until use. Viruses 
were identified after the extraction of nucleic acid 
(dlAamp® Viral RNA Mini Kit, Qiagen, Hilden, 
Germany) by means of RT-PCR or PCR. Reverse 
transcription and the first PCR for the detection of 
enterovirus, respiratory synzitial virus (RSV) and 
parainfluenza 3 virus RNA was performed in a one 
step reaction, using the cMasterRTplusPCR system 
(Eppendorf, Hamburg). Primers were supplied by 
Tib Molbiol (Berlin). In order to enhance the 
specificity, PCR products were used as templates 
In a second PCR round {nested PCR), using the Hot 
Master Taq polymerase (Eppendorf) in the corre- 
sponding buffer system. PCR products were ana- 
lyzed by gel electrophoresis on 1% E-Gels 
(Invitrogen). The presence of parainfluenza-1 , 2, 
and 4, metapneumo- A and B, influenza- A and B, 
and adenovirus, Mycoplasma pneumoniae, and 
Chlamydia pneumoniae was also sought, 



PCR products from enterovirus RT-PCR were further 
characterized by cycle sequencing (perfonmed by 
Sequa, Gutting). The obtained sequence data were 
analyzed using the software package Lasergene (DNA 
Star) and were identified by B1_AST search. 

Quantification of fecal lactobacilli and 
bifidobacteria 

In order to assess the increase of fecal count of the 
bacteria administered, we collected stool samples 
of 20 volunteers (10 women and men each) from 
the study cohort in a separate trial. Before the first 
stool samples were collected, the volunteers were 
asked to refrain from eating the products men- 
tioned above for 14 days. Thereafter, the volun- 
teers took the dietary supplement containing the 
probiotic bacteria daily for 14 days still refraining 
from eating the mentioned edibles until stool 
samples were collected Uie second time. Samples 
were frozen in liquid nitrogen and stored at -80 °C 
until use. 

DNA of the stool samples was isolated v^nth the 
FastDNA SPIN Kit for Soil (BIO 101, Calsbad, USA) 
after mechanical homogenization (FastPrepTM FP 
120 instrument, Bio 101, Calsbad USA) according to 
the manufacturer's instructions. The DNA was 
checked by 1.5% agarose gel electrophoresis. DNA 
concentrations were determined using PicoGreen^'^ 
(dsDNA Quantification Kit, Molecular Probes, Lei- 
den, The Netherlands). 

Quantitative real time PCR assays were per- 
formed and optimized to detect the concentration 
of Bifidobacterium spp. and Lactobacillus spp. in 
the stool samples. Primers and probes of the real 
time assays are based on the 1 6S rRNA gene (Table 
2). All primers and probes used in this study 
hybridize to variable regions of the 16S rRNA gene 
specific for the bifidobacteria and Lactobacillus 
group. The primer pair LACJ_RT and LAC_2_RT 
produce a 1 6S rDNA fragment of ~320 bp length and 



Table 2 Characteristics of primers and probes used for the real time PCR assays. 



' Primer/Probe Position* Direction Dye Sequence (5'-3') 



Tn, (°C) Reference 



LAC'1_RT' '= 350-370-^ Forward — GCAGCAGTAGGGAATCTTCCA 58.0 

' LAC''2_RT, , 677-690 Reverse — GCATTTCACCGCTACACATG 60.2 

-LACTO ' ' 455-471 ~ ' AGGCCAGTTACTACCT 66.0 

mjibl 164-181 ■ Forward — GGGTGGTAATGCCGGATG 59.3 

^ Bif_662' , 662-679 - Reversei — TTCaCCGTTACACCGGGAA 62.0 

Blfidoi584 584-601,r ' ' ■ FAM" TGAAAGTCCATCGCTTA 65,6 



Modified from Walter et al.''^ - 
Modified from Walter etal." 
^Ottetal.^^ 
Langendijk et al.'' 
Langendijk et al.'" 
Modified from Bernh'ard et'al.^° 



- '!,*AccDrttins to the Escherichia coli refereiice numbering. 
' -■'■FAM= 6-caitoxynuoresan; 
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includes bacterial species of the following groups: 
Lactobacittus, Pediococcus, Leuconostoc, and Weis- 
5e(/o." The probe LACTD is a minor groove binder 
(MGB) probe designed using the PR0BE_Des1gn tool 
of the ARB software package (ARB sofware pack- 
age, www.arb-home.de). The probes are labeled 
with the fluorescence dye FAM {6-carbDxyfluores- 
cin). The spedfidty of the LACTO probe encloses 
most species of the lactobacillus groupj among 
them L. acidophilus, L. delbrueckii, L. Johnsonii, 
L sasseri, and L. casei. For optimization of the 
assay and generation of standard curves, serial 
dilutions of L acidophilus and L sasseri strains 
were used,'° the latter cultivated from the 
probiotic compound. The primer pair Bif_164 and 
Bif„662 produces a fragment of ~500bp length. 
The probe Bifido_584 is a FAM-labeled minor groove 
binder (MGB) probe modified from Bernhard and 
Field. ^° Both the primers and the probe hybridize to 
bifidobacterium specific regions of the 16S rRNA 
gene, including B. lansum, 6. bifidum, B. adoles- 
centis, and B. infantis.''^'^° For optimization of the 
assay and generation of standard curves, serial 
dilutions of B. adolescentis, B. longum, and 
B. bifidum strains were used. The B. bifidum strain 
was cultivated from the probiotic compound. Real 
time PCR was performed with the aid of an ABI 
PRISM™ 7700 Sequence Detector using TaqMan™ 
Universal PCR 2x Master Mix (Applied Biosystems, 
Foster City, CA, USA), primer (0.4 (iM), probe 
(O.ZnM), and 1 00 ng of sample DNA in a final volume 
of 50 nl per reaction writh an initial hold of 50 °C for 
2min to activate No Amp Erase™ UNO, a hold of 
95 °C for 10min to activate AmplfTaq™ Gold 
Polymerase followed by 50 cycles for 30 s at 95 °C, 
60 "C for 1min, and 72 "C for 2min. The PCR 
products were checked for size and side bands by 
gel electrophoresis using 1 .555 agarose gels. The real 
time PCR results were averaged from two indepen- 
dent experiments and related to 1 g of stool. 



Statistical power and analyses 

Information on the duration of common cold 
episodes was obtained a year before from inter- 
views with residents of Kiel and the surrounding 
area. A minimum of 61 participants per group was 
calculated from: a mean duration of 6.0 (5D 1.7) 
days, a = 0.05, power (1 - ^) = 0.1 and an expected 
reduction of 1 day in the duration of episodes in the 
probiotic-treated group, according to the results of 
a study on oseltamivir.^"' Assuming that only 60% of 
the participants would catch a cold and allowing for 
20 withdrawals, a total of 120 participants was to 
be recruited per group and intervention period. 



The minimum of 61 participants was in accor- 
dance with a study by Hoheisel et al., in which 60 
volunteers v/ith initial cold symptoms were neces- 
sary per group in order to demonstrate the 
significantly positive effect of an immune stimulat- 
ing Echinacea purpurea extract on the duration of 
common cold episodes. 

The sample size calculation was based on an 
entire common cold season from autumn to spring. 
For technical reasons the study did not start liefore 
January 2001 . Ttierefore, we decided to extend the 
study to a second period. In order to avoid bias new 
volunteers were recruited in the second period, 
who were randomized separately securing equal 
numbers in the probiotic-treated group and control 
group in each period. 

Data are presented as mean ± standard error of 
the mean (5EM). Differences between the probio- 
tic-treated group and the control group were 
analyzed by Independent Student's t-tests for the 
duration of common cold episodes, days with fever, 
and differences in cell counts between day 14 and 
day 0. The incidence of infections was compared 
between the two groups using the test. The 
differences in symptom scores were assessed by the 
non-parametric Mann-Whitney test. As far as the 
available literature shows that probiotic bacteria, 
if they have any effect at all, stimulate immune 
response, one-tailed tests were chosen. Bacterial 
counts in stool samples were compared by sign test. 
A value of P<0.05 was regarded as statistically 
significant. All statistical analyses were performed 
using the software package Statgraphics Plus®, 
version 4.1 (Manugistics, Rockville, USA). 



Results 
Participants 

Two hundred and forty-two participants started in 
the study period between January and May 2001 : 
121 in the probiotic-treated and 121 in the control 
group. There were 5 v/ithdrawals in the probiotic- 
treated and 3 in the control group. Two hundred 
and thirty-seven participants started the study 
period between December 2001 and June 2002: 
117 in the probiotic-treated and 120 in the control 
group. There were 8 withdrawals in the probiotic- 
treated and 9 in the control group. In the first study 
period one withdrawal was due to pregnancy, the 
reminding were due to non-compliance. There was 
no report of adverse events. The distribution of sex 
and age was equal in the verum and the control 
group (Table 3). Altogether data from the 454 
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Table 3 Age and sex of volunteers. 



Probiotics+vitamins and Control (vitamins and 
minerals minerals) 



Period I 
Period ti 



36+12," 
39+12 



36±13 
41 + 14 



35+13 
40±13 



Sex 

Period I 



_ Period I lasted'from January 2001 to May ZDQl. 
' period [l-,lasted from December 2001 to June 2002, 



'•Jable 4 Effect of proBlotjc bacteria (5V10''cfLi/day) on symptoms of the common cold episodes witb more 
•.than one symptom in detail during the, obsejratlo^ i - ' yJ^: ^ 



Probiotics+vitamins 
and minerals 



Control (vitamins 
and minerals) 



Duration (days) , 7.0+0.5 , 

' Symptom scores (points) . 

' Ncsal symptoms (inclusive sneezing) 29.5+2.7' 

Pharyngeal symptoms • 12.9±1-7 

- Bronchial symptoms . 13.2+2.1. 

'Headache ' 8.5+1,2 

Myalgia ' ' ^ 5.3 + 1, 2' 

Conjunctivitis 3.5 ±0.9 

Fatigue ■ , 2.7 + 0.3 

Loss of appeWte ■ ' , 2,3+0.3 

Days with fever* 0-24+ 0.1 ' 

. Total symptom score 79.3 ±7.4 , 



,-„36;8±3;7- 
^■l7;r+2:5- 
•19.1±V 
iO,0±i.6 ' 
: 5.5±1.4 
.2.8+1.0 
3.0+0.5 . 
2.5+0.3 • 
1.0±D.3 
102.5+12.2 



,0.045* 

6.053*;' 

■1 0.051^ 

■ 0.011^ 
0.245+ 

r .U1421" 
. ' 0.925^ 
*" 0.4071' 
0.5111" 

■ '0.017* 

0.056"^ 



\felues are mean + S&A. 
"*P-vatuB from independent Student's t-tesL. 
"^P-value from Mann-Whitney test, 
''Oral temperatuie >37.7"C. ' " 



participants who completed the study were avail- 
able. 

Symptoms 

TTie sum of all symptoms recorded daily by 
questionnaires (total symptom score) was lower 



in the probiotic-treated group than in the 
control group. Differences were most marked 
In nasal, pharyngeal, and bronchial symptoms, 
as well as in the number of days with fever 
during a common cold episode. The other symp- 
toms were also fewer but did not attain significance 
(Table 4). 
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Duration and incidence of episodes 

The mean duration of common cold episodes was 
significantly shorter in the probiotic-treated group 
than in the control group (relative reduction of 
2'\.5%, Table 3). The total number of common cold 
episodes was 158 in the probiotic-treated group 
and 153 in the control group (not significant). 



Flow cytometric analysis 

Volunteers with abnormal leucocyte counts before 
intervention were rejected from the analysis. After 
the consumption of probiotic bacteria for 14 days, a 
significantly higher enhancement, calculated as 
difference between day 14 and day 0, of cytotoxic 
T-cells plus T suppressor cells (CD8+) was observed 
compared to control. Also the enhancement of the 
other immune cells investigated was higher in the 
probiotic-treated group, but it was only marginally 
significant or not significant (Table 5). There was no 
change in T-cell activation and phagocytic activity 
during the observation period (data not shown). 



Viral infections 

Ninety-five samples of nasal secretion were ob- 
tained. Viruses were identified in 24 of these 
samples: rhinoviruses in 19, RS viruses in five and 
enterovirus (not specified) in one. In one sample, a 
dual viral infection was found. 



Fecal [actobacilii and bifidobacteria 

The mean absolute numbers of cells per g stool 
assessed in a separate trial were significantly 
increased from day 0 to day 14 days of probiotic 
supplementation for both the bifidobacteria 
(3.14x10^+5.57x10^ vs. 3.39x10^+5.53x10^) 
and the lactobacilli (1.04x10^ + 3.69x10" vs. 
1.45x10^+2.48x10") (Fig. 1). 



Discussion 

In this randomized, placebo-controlled, double- 
blind intervention study the long term effect of 
probiotic bacteria on naturally acquired common 
respiratory tract infections was investigated. The 
winter/spring periods were chosen because of the 
enhanced risk of cold infections. Since viruses are 
known to vary between the common cold seasons 
the inclusion of two seasons, although done for 
technical reasons, served the aim of a representa- 
tive study. The total number of common cold 
episodes registered in this study was 311 (0.7 
episodes per participant within 4.3 months) which 
corresponds to the rule of thumb that adults catch 
two to four cold episodes per year.^ 

In this investigation, self-assessment based ques- 
tionnaires were used."'^" This was justified by 
studies, which demonstrate a good concordance 
between the individual's own estimation of symp- 
toms and an evaluation by a physician.^^ 

Analysis of the questionnaires showed that the 
use of probiotic bacteria significantly shortened 
the mean duration of the episodes and reduced the 



Table 5 Effect of probiotic bacteria (5 x 10^cfu/day) on cellular immune parameters. On day D and day 14 of 

the first intervention>period1mmiJne. cell counts were, assessed by. flowx^^ 

partidpants {61 per. study group): Votunteers.vvith abnormalrleucocyte cQunts before jn 

from the analysis. Results are expressed as /i (day 14-day 0) cell counts per blood (mean+SEM). 





(J Cell counts x 1 per L blood) 






Probiotics+vitamins and minerals 


Control (vitamins and minerals) 


.Leukocytes 


1749 ±556 


1322+304 


0.251 


Lymphocytes 


263 + 68 ' 


192+61 


0.219 


" B lymphocytes - 


18+10 


' 12+10 


0.332 


Tlimphocytes , 


'-131+43 ■ 


72+45 


0.175 


-Jh ' - ■ , 


■ ' 82+31 


21+30 . " ' ' 


0.081 " 


Tc+Ts ' . 


64+15 


i i9±^g } . . \ 


0.035 


Natural killer cells 


114+27 - 


10B+21 


_ 0.42B ■ 


Granulocytes 


■- " 1241+495 - 


- 960+251 ^ - - " - 


0,307 - 


Monocytes 


177+45 


137±36 - ' ' 


0.257 ' 



Th, T helper cells {CDA+y, Tc+Ts, cytotoxic T-colts+T suppressor cells (CDB+). , 
*P-values from independent Student's t-test, / " , . " * 
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n=20 



Figure 1 Effects on the number of bacterial cells of 
Bifidobacterium spp. (A) and LactobacHlus spp. (B) as 
assessed by quantitative real time PCR using group 
specific primers. Indicated are the mean absolute 
numbers of cells per g stool+SEM before (-) and after 
14 days (+) of probiotic supplementation. 



severity of symptoms. There was, however, no 
influence on the over all incidence of respiratory 
tract infections. The effects were similar to those of 
neuraminidase inhibitors in the case of acute 
influenza that, when administered within the first 
48 h of the infection, reduced the severity of 
symptoms and shortened influenza by one day and, 
when inhaled prophylactically, by 2.5 days.^^'^'* In the 
present study a reduction of about 2 days was found. 
In contrast to neuraminidase inhibitors, probiotics 
may be ingested as part of the daily diet and then do 
not induce extra costs to the health system. 

The weak influenza-like symptoms and the mostly 
mild episodes of fever led to the conclusion that the 
infections were predominantly common cold epi- 
sodes. This is also supported by the results of the 
PCR-analysis, which mainly detected rhinoviruses. 



The reduction in the severity and duration of 
common cold episodes may be due to immune 
stimulatory effects. In response to certain probiotic 
strains, different cell tines such as human PBMCs, 
monocytes, dendritic cells, and human intestinal 
mucosa cells have been shown to release pro- and 
anti-inflammatory cytokines, as well as to express 
co-stimulatory molecules.^^"" Such immunomodu- 
lation seems to be based on bacterial patterns, 
such as bacterial cell wall components (e.g. 
lipoteichoic add) and CpG motifs of DNA (cytosi- 
ne-phosphate-guanosine DNA, frequently found in 
bacterial and viral genome). They are recognized 
by toll-like receptors, which are expressed in 
intestinal and immune cells.""^' Moreover, several 
strains of L. gasserf have been shown to release a 
chemotactic factor acting on human monocytes.^" 
Cytotoxic T-cells plus T suppressor cells (CD8+) 
showed a significantly higher enhancement in the 
probiotic-treated group during the first 14 days of 
supplementation compared to the control group. By 
the probiotic bacteria used in the present study all 
immune cells investigated were enhanced. How- 
ever, the enhancement was not significant or vras 
only marginally significant. This may be due to the 
fact that both tiie probiotics and the control 
preparation contained supplemental vitamins and 
minerals, some of which have immunostimulatory 
properties; this could have blurred differences 
between the groups. 

The quantitative RT-PCR demonstrated a sub- 
stantial increase of fecal lactobacilLi and bifido- 
bacteria after administration of the probiotic 
preparation. This may indicate survival during 
gastrointestinal transit, which is part of most of 
the definition proposed in literature.^^ 

In conclusion, the present study presents evi- 
dence for the positive effects of consumption of 
L sdsseri PA 16/8, B. /ongum 5P 07/3, B. bipdum 
MF 20/5 during at least 3 months in winter/spring 
on the severity of common cold episodes in 
otherwise healthy adults. 

The growing number of studies in which favor- 
able effects have been described, indicates some 
benefit of probiotics in respiratory tract infections. 
Until now the evidence, however, is based on one 
study for one strain or strain mixture, each. This 
has to be considered since probiotic effects are 
regarded as strain specific. 
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Abstract Probiolics, beneficial living microorganisms, have 
been proven to be effective in preventing gastrointestinal 
infections, but their efTecl in preventing urinary tract inieclion 
(UTI) is inconclusive. A prospective randomized controlled 
study was done to compare the preventive effect of probiotics 
with conventional antibiotics in cluldren with persistent 
primary vesicoureteraJ reflux (VUR). One Inmdred twenty 
cliildren who had had persistent primai^ VUR after antibiotic 
prophylaxis for 1 year were randomly allocated into a 
probiotics {LadobaciUus acidophilus 10" CFU/g L g b.i.d., 
n=60l or an antibiotics (trimethopriin/sulfametlioxazole 
2/10 mg/kg h.s., n=60) prophylaxis group during the second 
year of follow-up. The incidence of recurrent UTI was 
ISJ% (11/60) in tlic probiotics group, which was not 
different Irom 21.6%(13/60) in the antibiotic group (P^ 
Q.916), The causative organisms of recurrent UTI were not 
significantly difierent between the two groups (P=0.938). 
Even after stratification by VUR grade, age, gender, 
phimosis, voiding dysfunctioji and renal scar, the incidence 
of reciin-ent UTI did not differ significantly between the two 
groups (P>0.05). Tlie development of new renal scar was 
not significantly differeni between the 1-wo groups (P>0.05J. 
In conclusion, probiotics prophylaxis was as effective as 
anUbiotic prophylaxis in children with pereistent primary 
VUR. 
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Introduction 

Low-dose long-term antibiotic prophylaxis has been used 
during the past several decades to prevent luriuary tract 
infections (UTI) in cliildren with primary vesicoureteral 
reflux (VUR), in accordance with major VUR guidelines 
[1]. However, antibiotic prophylaxis did not significantly 
reduce the incidence of recurrent UTI in one randomized 
controlled study [2], and recent systemic reviews ques- 
tioned tlie effect ol" antibiotic prophylaxis because of poor 
evidence [3, 41. Recently, the emergence of resistant 
microorganisms has raised concerns about the long-teim 
use of antibiotics [5], and probiotics have been deemed by 
the World Health Organization to be the next most 
important alternative regimen [6]. 

Probiotics, developed from the concept of nonnal flora, 
refere to beneficial five microorganisms when ingested in 
adequate amounts [7]. Lactic acid bacteria have been die 
corainon probiotic strains, because they exist naturally in 
human intestinal and urogenital tracts [8], They are 
generally regarded as natural and safe and have been used 
to promote health for more than a century but have recently 
received more attention in preventing infection [9]. The 
preventive effects of probiotics have been proved in various 
gastromtestinal infecfioas [10] and have been also promis- 
ing in adult urogenital infections. Some well-characterized 
lactobacilli strains, oral or vaginal forms, improved vadnal 
ecology and prevented urogenital infection in women [1 1- 
16], even after antibiotics use [17, 18]. In children, human 
breast milk, known as natural probiotics, was proven to 
piEvent Un in infants [19], and commercially available 
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Tahle 1 Stiidy children with persistent primary VUR sftw antibiotic 
prophylaxis in the first year 



Table 3 Causative oraanisms of recurrent UTi 



Gender (malcifemalej 
Age (month) (range) 
VUR 

Grade 1 

Grade 2 

Guide 3 

Gmde A 

Grade 5 
Total 



44:16 

!9±12.1 tl3-3r3) 



45:15 

21±n.4 (13-36} 



probiotic products decreased the incidence of UT! in pre- 
lenn infants [20]; additionally, there is one case report of 
successful prophytajus in a girl with recvirrenl UTI [21]. 
However, there are not enough clinical data on the 
prevention of childhood UTI, and there is no clinical report 
that compares probiolics with antibiotics for preventing 
UTI ill children with VUR, 

We have prospectively comparEd the eiTect of probiolic 
prophylaxis with conventional antibiotic prophylaxis for pre- 
venting recim-ent UTI in children with persistent primary VUR. 



Patients and methods 

One hundred twenty children with persistent primary VUR 
after antibiotic [ttimethoprim-sulfamethoxazolc (TMP/ 
SMX)] prophylaxis for 1 year were prospectively random- 
ized into a probiotic (;j=60) or an antibiotic (/i=60) group 
at Ewba Womans University Mokdong Hospital between 
2002 and 2006. All cliildren with primary VUR that had 
persisted after 1 year were included. Those witli secondary 
VUR were excluded. The satnple size in tliis study was less 
than the original calculated sample size (2h=125) for 
testing equivalency at a=0.05 and (3=0.2 (power 80%). 
Thus, the calcttlaled statistical power of 78% was slightly 
lower than the expected power, wliich would give some 
limitation of this study. Tlie study protocol was approved by 
the cOiics committee of tlie hospital, and informed consent 
was obtained from the parents of the study children. After 



Causative organism 


Prabioiics 


AnttTiiotics 


number {%) 


number i%) 


E. call 


7 (63.6) 


9 (69.2) 


Klehxialla pneumoniae 


2(18.2) 


2 (15.4) 


Enterobacwr cloaca 


i (9.1) 


1 (7.7) 


Citobacicr aerogcns 




1 (7.7) 


Enlcrococaisfaecalix 


1 (9.1) 




Total 


11 (100) 


13 (100) 



(/^= 0.93 8) 

Stratified randomization, Laclohacillux acidophilus (anti- 
bio3O0 Hanwha Co., Korea, l.OxlO'' CFU/g ATCC 435S) 
was given twice a day to the probiolic group and low-dose 
TMP/SMX (2/10 mg/kg) was given once a day before sleep 
to the antibiotic group. The differences in age (19± 
12.1 months vs 21±11.4 months), male-io-fcmalc ratio 
(44:16 vs 45:15) and the degrees ofVUR were not significant 
between the probiolic and andbiolic groups (Table 1, P>0.05). 
Tliree children, two from the probiotic group and one from 
Ihe antibiotic group, were not compliant, wliich Vt'as defined 
as having less than 80% of tlie prescribed drugs left over, 

Recurrent UTI was diagnosed by significant bacteriuiia in 
symptomatic children, such as fever, dysuria and pus in the 
dipper. Significant bacteriuria was defmed by over 10^ CFU/ 
ml in supra-pubic aspirated urine culture or over 10^ CFU/nil 
in calheierized uiine culture (non-totlel trained children) and 
clean cauglit urine culture (toilet-trained children). The 
incidence of rccuirent UTI was compared Ijelwecn the two 
study groups, and tlie difibrencc in recurrent UTI rates 
between the two groups was also evaluated after being 
stratified by the well-known risk factors for UTI, such as 
VUR, age, geudei; phimosis, voiding dysfUnction and renal 
scan Phimosis was diagnosed when the prepuce was not fully 
retractile. None of the male children had been circumcisei 
Voiding dysfunction was defined by the presence of 
freqiiency, urgency and/or incontinence in toilet-lrained 
children. Renal scar was defined by ''"Tc DMSA scan 
taken 3-6 months after their first DMSA(+) UTL Develop- 
ment of new scar was also defined by '^'"'Tc DMSA scan 
taken 3-6 months afier reoun-ent DMSA(+) UTI. 



Tnbit' 2 Incidence of itcurren: UTI during prophyIa.\ts in Ihe second 
fallDW-up year in children with persistent primaiy VUR 



Table 4 E. coli and its sensitivity to TMP/SMX in reciiiTenl UTI 



Pammcicr 


Probiotics 


Antibiotics 


Sensitivitj' 


Probiotics 


Antibiotics 










number (%) 


number (%) 


Recurrent UTI, febrile 


9 (15.0%) 


11 (18,3%) 


Sensitive 


4(57.1) 


0(0) 


Recurrent UTI, afebrile 


2 (3.3%) 


2 (3.3%) 


Resistant 


3 (42,9) 


9(100) 


Total 


il (1SJ%) 


13 (21.6%) 


Total 


7 (100) 


9 (100) 
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Table 5 Recurrence rate of UTl after stratification by VUR grade 



DagrEE 


Probiotics, 
number (.%) 


.AntibiotiiK, 
number (%] 


P 


VUR Grade 1 


1/6 tlfi.7) 


in 


1.000 


Grade! 


2/16 (12.5) 


1/15(6.31 


1. 000 


Grade 3 


6/2B (21.4) 


7/25 (28.0) 


0.579 


Grade 4 


1/B {12J} 


319 (33.3) 


0.576 


Grade 5 


1/2(50.01 


1/3 (33.3J 


1.000 


Total 


M/60 CISJ) 


13/60 (21.6) 


0.819 



The results were analyzed in an 'intention-to-treat' 
model. For slatistical analysis, Ibe chi-square statistic and 
Fisher's t;xact test were conducted using SPSS version 1 1.0 
lor Windows. P values of less than 0.05 wexa considered 
significant. 



Results 

The incidence oF recurrent UTl was 18.3% (11/60) in llie 
probiotic group, which was not significantly difFcrcnt from 
21.6% (13/60) in tlie antibiotic group (P=0.926). One 
episode of recurrent UTl developed in a non-compliant 
child in the antibiotic group. Most children with recurrence 
suffered only one episode, except one child in the antibiotic 
group, who had two episodes. Most recun-ent UTIs were 
febrile in both groups (Tabic 2). The reason for the 
unusually higli incidence of febrile UTl is obscure. 
However, one suggested reason is thai the parents brought 
the children to the emergency room when they developed 
fever. The parents tended to lalce the children wilh mild 
symptosns to private clinics, where they were treated with 
antibiotics without lu-ine culture. Thus, some afebrile UTIs 
tnight have been missed in this study. The causative 
organisins of recurrent UTl in the probiolic gi'oup were 
Escherichia coii (63.6%), Klebsiella imeumoniae (IS. 2%), 
EiUerobacter cloaca (9.1%), Enterococcus fiiecciUs (9.1%), 
which was not significantly different frotn Escherichia coii 
(69.2%), Klebsiella pneumoniae (15.4%), Enterobacler 
cloaca (7.7%), Citobacter aerogens (7.7%) in the antibiotic 
group (/'=0.938} (Table 3). Sensitivity to TMP/SMX of^. 
cali hi the probiotic group was 57.1% (4/7), which was 



Table 6 Recunente rate of UTl after sU'atitlcarion by age 

A2IC Prubioticii. Antibiotics, P 
number (%) number (%) 

<2 years 9/45 (20.0) 9/44 (20.5) 0.957 

>2 years 2/15 (13.3) 4/16 (25.0) 0.654 



Table 7 ReciiiTence rate of UTl atrer stmfifi cation by gender 



Gender 


Probiotics. 


Antibiotics, 


P 




number (%) 


number (%) 




Male 


9/44 (20.5) 


8/45 (17.7) 


0.748 


Female 


2/16 (12.5) 


5/15 (33.3) 


O.220 



significantly higher than 0% (0/9) in the antibiotic gi-oup 
(F<0.019) (Table 4), 

As tlie study children were stratified according to their 
degree of VUR, the incidences of recurrent UTl were not 
statistically different between the two groups (P>0.05) 
(Table 5), Even after being stratified by age or gender, the 
incidences of recuiTcnt UTl were not statistically different 
between tlie two groups (P>0.05) (Tables 6 and 7). In boys, 
most recurrent UTIs developed in liiose with phimosis. 
However, the incidences of recurrent UTIs, after being 
stratified by the presence of phimosis, were not significant- 
ly different between the t\vo groups (P>D.05) (Table S). hi 
toilet-trained children, recurrent UTIs developed more in 
children with voiding dysfunction, but the incidences of 
recurrent UTIs after being stmtificd by the presence of 
voiding dysfunction were not significantly different be- 
tween the two groups (P= 1 .000) (Tabic 9). Even after being 
stratified by the degi-ee of renal scar, ilie incidences of 
recurrent UTIs were not statistically different between the 
two groups (/'>0.05) (Table 10). Development of new renal 
scar after recurrent UTl was not statistically different 
between the two groups (P=0.595) (Table II). 



Discussion 

In this randomized contitilled study, probiotic L. acidophilus 
(2x10" CFU/day) Avas as effective as low-dose TMP/SMX 
in preventing recurrent UTl in the children willi peisistent 
jirimary VUR. Tlie recurrence rate of UTl was 0.18/patient- 
year in the probiotic group and 0.22/patient-ycar in the 
antibiotic group, which was much less than the previously 
reported recurrence rale (0.6/patient'year) in UTl children 
with no prophyliTxis [22]. 

The role of lactobacillus in reducing the risk of UTl 
originates from a study in L9I5, which reported the 
successful treatment of cystitis by inU-avesical injections 

Tabic 8 Rccunrencc rate of UTl after stratifTcation by phimosis in 
boys 

Presence Probiotics. Antibiotics- P 

number {%) number ("/5i) 

Pli!mosis(+) 9/39 (23.1) 7/39 (17.9) 0.535 

Phimosis {-) 0/5(0) 1/6(16.7) 1.000 
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Table 9 lleciincnce rate of UTl after stratitication by voiding 
dy.sfiiiiction in totiet-tiiiiticd childruR 



Presence 


Probiotics. 


Antibiotics, P 




number (%) 


number 1%) 


Voidiiig dysftmction (+1 


1/t (25.0) 


2/6 (33.31 l.OQO 


Voiding dysilmction {-) 


1/12(8.3) 


1/1 U 9.1) 1.000 



of Ladohiicilhts sixains [23]. However, ils role was ignored 
duriug ihe following antibioUcs em. The first evidence of 
the importauce of indigenous lactobacilii came from a study 
in 1973 lhal showed thai vaginal lactobacilii in women 
patients with recurrent UTI were significantly depleted, in 
comparison with those in healtliy control women [24], A 
more recent study showed an inverse association of 
hydrogen pero.Kide (I:l202)-prodiicing laclobacilli and vag- 
inal Escliericliiu coli colonization in women with recuuent 
urinary tract infection [25]. Since then, there has been the 
view that exogcnously applied lactobacilii, termed pra- 
biotics, would provide tlie same bacterial barrier to the iiro- 
pathogens as the indigenous lactobacilii did 

Various lactobacillus isolates from dairy, poultry and 
human sources were tested for their abilities against uro- 
pathogens and were found to have anli-uro-patliogenic 
properties, which was widely variable, even within the 
same strain [26, 27]. In in vitro tests, lactobacilii could 
produce mucin, bacteriocin and a biosurfaclant barrier, 
interfere witli the uro-epithelial receptor sites widi the 
adhesion of uro-paQiogens, down-jiEgulaie inflammatory 
cytokines (IL-8, COX) or virulence factor expressions and 
up-regulale bost immune responses (IgA, lL-10, IL-12') [28, 
29], More specifically, L. acidophilus was capable of 
inhibiting a test strain olE. coli in vitro and was considered 
to be a natural antibiotic [30]. L rluimnnsm GR-1 was 
highly adherent to uro-epithelial cells and inliibited growth 
and adhesion of uro-patliogens and L. retiteri (fonneriy L. 
fennenium) RC-14 produced a highly potent biosurfaclant 
and hydrogen pero.xide (HiOi) to inhibit the adhesion of 
uro-pathogens [31], L. Licidopbilus NCFM produced a 
biosurfactant and H2O2 and inhibited uiD-patliogens irom 
adhering to uro-epithelial cells [32]. In an animal model. 



Table 10 Recurrence rate of UTI after strati ficarion by the degree of 
renal scar 



Degree 


Probiotics, 


Antibiotics. 


P 




number (%) 


number (%) 




Renal scar (-) 


5«3 (15.2) 


7/36 (19.4) 


0.63S 


Reiinl scar (+) 


6/27 (22.2) 


6/24 (25.0) 


0.815 


Segrtjenial 


2/19(10.5) 


3/17(17.6) 


0.650 


Atrophic 


4/8 (50.0) 


3/7 (42.9) 


1.000 



Tabic n Development of new rena! scar after recun'ent UTI 



Presence 




Probiotics, 


Antibioijcs, 






number (%) 


number (Vo) 


New renal sc 


Br(-) 


10(90.9) 


11 (84.6) 


New renal sc 


ar(+) 


1 (9.1) 


2(15.4) 


TolJi! 




11 (100) 


13 (iOO) 



tP=0.596) 



indigenous an L aisei strain, instilled into the bladder, 
vagina and uretltra before challenge willi uro-pathogens, 
prevented UTI in 84% [33] of cases, and L. casei Shirota 
strain eradicated E coli, ostensibly by modulation of host 
immune responses such as stimulation of natural killer cell 
activity [34]. 

In the human clinical trials, positive results have been 
obtained by using only well-characterized laclobacilli 
strains. The intravaginal instillation of i. rhamnosiia GR-1 
or L. feniwiilitm llC-14 stimulated the indigenous vaginal 
lactobacilii and reduced the UTI recurrence rate from six to 
1,6 episodes per year m women [12]. L. rhamnosus strain 
GR-1, originally isolated fi?om the distal urethra of healthy 
woman, was more capable of colonizing the vagina and 
reducing the risk of UTT than was L rhamnosus GG, 
originally isolated from feces [13]. The women consuming 
L acidophillus yogurt at least three times per week had 
fewer episodes of UTI tlian those women who did not [14]. 
Daily oral intake of L. rhamnosus GR-1 and i. feriiientim 
RC-14 led to a significant reduction in uro-patbogeus in the 
vaginas of healthy women [15]. A combination of L. 
rhamnosus GR-1 md Lfermciitiim RC-14, when applied as 
a suppository, colonized the human vagina more tlian L. 
rhamnosus GG did [1(5]. Vaginal suppositories of L. 
rhanmosus GR-l/i. fermefitum RC14, administered with 
antibiotics in UTI. reduced the recun-euce rate of UTI, 
which was similar to the recuirence rate in antibiotics 
prophylaxis [17], A 10-day course of antibiotics plus 
3 weeks of Ircatmcnt with L. rliamnosm GKAIL. fermen- 
tum RC14 su]:positories was shown to maintain normal 
vaginal microbiota [18]. 

In children, the natural probiotic, human breast milk, 
decreased the incidence of urinaiy tract infection in infants 
[19]. Additionally, in premature infants given milk supple- 
mented with L. rhamnosus GG, the episodes of UTI v^-ere 
reduced, although the difference was not statistically 
significant [20]. L acidophilus DDS-1 capsules successful- 
ly prevented recurrent UTI in one 6-year old girl [21]. 
Those sti-ain-to-strain differences of Lactobacilli remain to 
be elucidated [35]. 

The benefits of urogenital probiotics in childhood UTI 
include tlie avoidance of the side effects and emergence 
of resistant strains associated with long-term repeated use 
of antibiotics. Auotber advantage to patients is thai it is 
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a natunii appraacli lliat rcplcnisbcii the depleted normal 
microflora to create a belter environment lo figbl ofJ' 
uro-pathogens [36]. 

There are still many unresolved questions, sucli as what 
arc the most cEfcctivc strains, the ideal combination of 
strains, effective doses, safety of long-term use and the 
effect in children. However, pron^ising evidence from the 
use of some probiotics in women with urogenital infections 
suggests possible benefits, even in childhood UTl. These 
were the rationale of studying probiotics as an alternative to 
antibiotics as prophylaxis lo prevent UTL For ideal 
urogenital probiotics, it is important to identify the best 
lactobacillus strains that are dctrimcnlal lo nro-pathogens 
by fuithcr clinical trials, 

111 conclusion, this is the first randomized controlled 
study to show the role of ]5robiotic L. acichphillus for 
preventing recurrent UTl in children with persistent 
]5rimai-y VUR. However, liiis study has die limitation of 
lacking a treatment ann and a low calculated power (78%). 
We suggest further clinical trials to compare antibiotic 
prophylaxis with probiotics and no prophylaxis in children 
with or without primary VUR. 
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EXHIBIT C 



Prevention of Recurrence With Epirubicin and 

Lactobacillus Casei After Transurethral Resection of Bladder Cancer 

Seiji Naito*, ffirofumi Koga, Akito Yamagfuchi, Naohiro Fujimoto, Yosliihiro Hasui, 
Hiroshi Ktrramoto, Atsushi I^chi and Naoko Kinukawa on behalf of the Kyushu University 
Urological Oncology Group 

From the Departments of Urology (SN, HK) and Mudical Informathit on Sdance (NK), Graduate Sdwal ofMvdical Saienceft, Kyushu 
University and DepartmmUt of UroloRy, Harasaaskm General Htmpital (AY) and Naiitmal Hospital Or/janUation Kyaithu Medical Center 
(AJ) Fiikuoka. Untvcrsily of Occupalimial and Enuinmnmlal Health (NF) and Mojt Rousai Hospital (HK). Kilakyiuiliit and Miyazaki 
Medical College (YH), Miyazaki, Japan 



Purpose: A prospective, randomized, controlled trial was done to evaluate whether oral administration of a preparation of 
the probiotic ageot Lactobacillus casei (Yakult Honsha, Tokyo, Japan) could enhance the prevention of recurrence by 
intravesical instillation of epirubicin after transurethral resection for superficial bladder cancer. 

Materials and Methods: Between August X999 and December 2002, 207 patients clinically diagnosed with superficial 
bladder cancer were included as study candidates and underwent transurethral resection, followed by intravesical instillation 
of 30 mg epirubicin/30 ml saline twice during 1 week. After histological confirmation of superficial bladder cancer they were 
agaui mcluded as study participants with 102 randomized to receive treatment with 6 additional intravesical instillations of 
epirubicin during the 3-month period after transurethral resection (epirubicin group) and 100 randomized to intravesical 
chemotherapy on the same schedule as the epirubicin group plus oral administration of 3 gm Lactobacfllus casei preparation 
per day for 1 year (epirubicin plus Lactobacnius casei group). Patients were evaluated for intravesical recurrence, disease 
progression, prognosis and adverse drug reactions. 

Results: The 3-year recurrence-free survival rate was significantly higher in the epirubicin plus Lactobacillus casei group 
aian m the epirubicin group (74.6% vs 59.9%, p = 0.0234), although neither progression-free nor overall survival differed 
between the groups. The incidence of adverse drug reactions did not significantly difl-er between the groups and there were 
no serious adverse drug reactions. 

Conclusions: Intravesical instillation of epirubicin plus oral administration of Lactobacillus casei preparation is a novel, 
promismg treatment for preventing recurrence after transurethral resection for superficial bladder cancer. 

Key Words; bladder; bladder neoplasms; neoplasm recurrence, local; epirubicin; Lactobacillus casei 



Although superficial bladder cancer can be treated 
with TLTR, the high frequency of intravesical recur- 
rence is a concern. It was reported that intravesical 
recurrence develops in B0% to 70% of patients within 6 years 
after TUR for superficial bladder cancer and the risk of 
progression to invasive cancer is 5% to 20%.* The recurrence 
risk peaks in the early postoperative phase at 100 to 120 
days after TUR for multiple tumors and at 350 to 440 days 
after TUR for a solitary tumor, and then it decreases to and 
continues at a stable level for a long period.^ Intravesical 
instillation therapy using anticancer agents or BCG has 
been developed to prevent intravesical recurrence of super- 
ficial bladder cancer after TUR. Intravesical insfciUation of 
mitomycin C, doxorubicin or EPI-ADM was reported to de- 
crease the short-term (1 to 3-year} recurrence rate by about 
20%.^ On the other hand, intravesical instillation of EGG 
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has stronger efficacy for preventing recurrence than anti- 
cancer agents, although the incidence and severity of ad- 
verse effects are liigher with it than with chemotherapy."* 
Therefore, EGG is reserved for patients with high risk su- 
perficial bladder cancer, while anticancer agents are used in 
patients with intermediate risk cancer. 

The LC preparation used in the study was a powdered 
preparation containing about 1 X 10^° cells of LC Shirota 
strain per gm. In Japan LC preparation has been safely used 
as a probiotic agent for more than 30 years. When it is orally 
administered, the LC preparation was reported to act as an 
immunomodulator through the intestinal tract and potenti- 
ate antitumor responses in mice.® Intravesical instillation of 
heat killed cells of the LC Shirota strain was also shown to 
exert emtitumor effects in mice with bladder cancer and 
prevent bladder cancer.^ In a randomized, comparative clin- 
ical trial Aso et al reported that the 60% recurrence-free 
interval after TUB for superficial bladder cancer was signif- 
icantly prolonged by oral LC preparation to 1.8 times that in 
a control group." They also performed a placebo controlled, 
double-blind clinical trial and noted that treatment with LC 
preparation was safe and effective for preventing intravesi- 
cal recurrence after TUE for superficial bladder cancer.*" 
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These reports suggest that LC preparation can prevent, in- 
travesical recurrence afLer TUR for superficiu! bladder can- 
cer through a mechanism dilTerGiit from tiiut ol' intravesical 
chemotherapy. 

Therefore, we planned a randomized, controlled trial in 
patients wdth superficial bladder cancer at intermediate risk 
far recurrence to evaluate whether postoperative oral ad- 
ministration of LC preparation could enhance the preven- 
tion of recurrence by intravesical instillation chemotherapy 
with EPI-ADM after TUR for superficial bladder cancer. 

MATERIALS AND METHODS 

This study was a multicenter, prospective, nonblinded, ran- 
domized, controlled trial. Patients were considered eligible if 
they had clinical stage Ta or Tl, grade 1 or 2 primary or 
recurrent transitional cell carcinoma and the tumors ap- 
peared to have been eliminated completely by TUR. Patients 
meeting any of certain criteria were excluded from study, 
including a primary single Ta grade 1 tumor, grade 3 tumor, 
multiple recurrent tumors, history of urothelial carcinoma of 
the upper urinary tract, history of intTavesical instillation of 
EPI-ADM or BCG, history of intravesical instillation of any 
agents during the 4-week period preceding the study, other 
active neoplasms or serious medical conditions. LC strain is 
contained in a fermented milk drink such as Yakult (Yakult 
Honsha, Tokyo, Japan) or a fermented milk product such as 
yogurt as an intestinal remedy. Therefore, patients regu- 
larly ingesting such beverage, food or drug containing LC 
strains were also excluded. 

Before treatment patients provided a history and under- 
went physical examination, urinalysis, urine cytology exam- 
ination, complete blood count, blood urea nitrogen and se- 
rum creatinine determination, liver function tests and 
electrocardiography. Chest x-rays and excretory urography 
were also performed. At study entry no patients had evi- 
dence of residual tumor on endoscopic examination and 
urine cytology. 

Patients were added to the study via fax using a 2-step 
method at the Kyushu University Urological Oncology 
Group Data Center. After providing informed consent in 
writing patients were documented as study candidates be- 
fore TUR for superficial bladder cancer. A 30 mg dose of 
EPI-ADM dissolved in 30 ml physiological saline was in- 
stilled into the bladder through a sterile catheter immedi- 
ately after (within 2 hours) and 1 week after TUE. Patients 



were instructed not to void for 2 hows after iaslillation. 
Wlicn contirmod to bo eligible based on the results of his- 
topiitliological examination of resected tumor specimens, pa- 
tients wore again included as study participants and ran- 
domly assigned to receive treatment with 6 additional 
intravesical instillations of EPI-ADM during the 3-month 
period after TUR (EPI-ADM group) or intravesical chemo- 
therapy on the same schedule as the EPI-ADM group plus 3 
gm oral LC preparation per day (EPI-ADM plus LC group). 
Intravesical instillation ofEPl-ADM was administered 3, 4, 
6, a, 10 and 12 weeks after TUR. The LC preparation dose 
was determined according to trials by Aso et al, in which the 
efficacy and safety of 3 gm oral LC per day were observed.'-" 
Figure 1 shows the group treatment schedules. Administra- 
tion of the LC preparation was begun within 2 weeks after 
randomization and continued for 1 year. 

In each groups urinalysis and cytological examination of 
urine samples were performed monthly for 3 months after 
TUR, every 3 months in the first 2 years and at 6-month 
intervals thereafter. Cystoscopy was performed every 3 
months in the first 2 years and at 6-month intervals there- 
after. Local and systemic toxicity was also monitored. Rou- 
tine laboratory tests (hematology and biochemistry) were 
performed before, and 1, 3, 6, 9 and 12 months after TUR. All 
patients were followed at least 3 years and the treatment 
method after the first recurrence was at the discretion of 
each investigator. The severity of adverse reactions was 
asH eased according to Common Terminology Criteria for Ad- 
verse Events, version 2.0. 

The primary end point of this trial was the intravesical 
recurrence-free survival rate. Recurrence was defined as 
positive fmdings on cystoscopy or consecutive positive find- 
ings on urine cytology. Positive findings on cystoscopy were 
confirmed histologically by biopsy or TUR. Secondary end 
points were the progression-free survival rate, the overall 
survival rate, and the incidence and severity of adverse drug 
reactions. Progression was defined as muscle invasive blad- 
der cancer or metastasis. Intravesical recurrence-free, pro- 
gression-free and overall survival was defined as the inter- 
val from TUR to each event or the last followup without an 
event. Observation was concluded on January 31, 2006. 

Sample size was calculated as described. Assuming that 
the 3-year recurrence-free survival rate would be 55% and 
75% in the EPI-ADM and EPI-ADM plus LC groups, respec- 
tively, 92 patients per group were required to detect a 20% 



Randomization (epi-ADM Group or epi-ADM+LC Group) 



Instillation of ■ 
epi-ADM 



immediately iw 
after TUR 



J i ± * 



Administration for one year 



Fig, 1. Treatment schedule of EPI-ADM and EPI-ADM plus LC groups. In EPI-ADM group 30 mg EPI-ADM/30 ml saline were given 
unmediately after (within 2 hours), and 1, 3, 4, 6, 8, 10 and 12 weeks (IV) after TUR. In EPI-ADM plus LC group same intravesical iiutiltation 



schedule was used as in EPI-ADM group ph 
randomization and continued for 1 year. 



! orei adjuinistration of 3 gm LC preparation per day, which was begun within 2 weelss after 
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difference between the groups with a power of B0% and n 
2-taiIed significance level of 5%. Consideriiifj posaiblu study 
dropouts due to inability to undergo the study, or violation of 
eligibility criteria or protocol treatment 200 study partici- 
pants [100 per group) were set as the target sample size. 

Statistical analysis was performed with an intent to treat 
design in all 202 eligible patients using the SAS® system 
package. The significance of differencea in patient back- 
ground factors, and the incidence and severity of toxicity 
between the 2 groups was examined by the chi-square test. 
Differences in time to first intravesical recurrence, progres- 
sion or death were assessed using nonrecurrence, progres- 
sion-free and overall survival curves, respectively, as calcu- 
lated by the Kaplan-Meier method with the determination of 
statistical significance by the log rank teat. The Cox propor- 
tional hazard model was used to adjust for possible bias in 
background factors. Differences were considered significant 
at p <0.05. The risk of recurrence was defined as the fraction 
of patients with recurrence in each 6-month period. The HR 
in each period was calculated using maximum likelihood 
estimates derived fi-om a piecewise exponential model." The 
protocol was approved by the local institutional review 
board. 

RESULTS 

Between August 1999 and December 2002, 207 patients at 
25 institutions were included as study candidates. They 
underwent TUR and subsequent intravesical instillation of 
EPI-ADM twice during 1 week. Five patients in whom his- 
topathological re%aew revealed invasive bladder cancer were 
eliminated from the study as ineligible. The remaining 202 
patients were again documented as study participants and 
randomly assigned to the EPI-ADM group (102) or the EPI- 
ADM plus LC group (100). There were no significant differ- 
ences between the groups in the sex ratio, patient age, 
smoking habit, number of tmnors, T stage, grade or tumor 
aize (table 1). 

Participants were observed for recurrence for 0.6 to 79.9 
(median 26.9) and 0.2 to 75.0 months (median 43.6) in the 



Table L Patient ckaractcrmtics 






EPI-ADM 


P Value 




No. EPI-ADM 


+ LC 


(chi-square test) 


Overall 
Sac 


102 


lOD 


0.2B10 


M 


S6 


78 




P 


16 


22 




Age: 






0.8955 


Younger than 70 


55 


53 


TO or Older 


47 


47 




Smoking habit: 
No 




0.6650 


Yes 


53 

4g 


55 
45 




Tumor multiplicity: 




0.9903 


Primary/Eolitory 


40 


40 




Primaiy/multiple 


S2 


60 




Reeurront/Eotitary 


10 


10 




T stage: 






0.9955 


Ta 


S3 


52 




Tl 


49 


4S 




Tumor grade: 






0.9425 


1 
2 


21 


21 




Tumor size (cm): 


SI 


79 


0.8363 


Lees than 1 


33 


ai 




1 or Greater 


69 


69 





Ei^l-ADM unci l^PI-AUM plus LC groups, respectively. For 
progression tliey were nbsorvod for O.G to 79.9 (median Jlfl.t)) 
and 0.2 to 75.7 monthB (median 48.8), respectively. For any 
cause of death tliey wci'c observed I'or 0.6 to 79.9 (median 
49.9) and 0.2 to 75,7 month.'! (median 49.1), respectively. 

More than 80% of patients in the EPI-ADM plus LG 
group ingested 80% or grenter of tlie prescribed LC prepa- 
ration throughout the 1-yoar treatment period, indicating 
high compliance with treatment with LC preparation. A 
total of 31 patients could not complete the protocol treat- 
ment irrespective of recurrence. One EPI-ADM group pa- 
tient and 10 EPI-ADM plus LC group patients, including 4 
during intravesical chemotherapy and 6 during treatment 
with LC preparation after intravesical chemotherapy, dis- 
continued visiting the study institutions during the study 
period. Sue and 14 patients in tlie EPI-ADM and EPI-ADM 
plus LC groups, respectively, discontinued study participa- 
tion duo to withdrawal of informed consent or exacerbation 
of other disease. 

During the observation period bladder cancer recurred in 
42 (41.2%) and 26 (26.0%) patients in the EPI-ADM and 
EPI-ADM plus LC groups, respectively. The 3-year recur- 
rence-free survival rate was 59.9% (95% CI 49.9-69.8) in 
the EPI-ADM group and 74.6% (95% CI 65.5-83.6) m the 
EPI-ADM plus LC group. The EPI-ADM plus LC group 
showed a significantly higher recurrence-free survival rate 
than the EPI-ADM group (log rank test p = 0.0234, fig. 2). 

To eliminate biases due to differences in background fac- 
tors univariate analysis of 8 variables possibly affecting 
bladder cancer recurrence was performed using a Cox pro- 
portional-hazard model. Of the 8 variables group, multiplic- 
ity, tumor size and T stage each significantly affected the 
recurrence-free survival rate (table 2). On multivariate anal- 
ysis the significance of the difference in the recurrence-free 
survival rate between the EPI-ADM and EPI-ADM plus LC 
groups was adjusted for the 3 other factors, ie multiplicity, 
tumor size and tumor stage. A significant difference between 
groups was also detected on multivariate analysis (table 3). 

Figure 3 shows the risk of tumor recurrence during fol- 
lowup after TUR for superficial bladder cancer. In the EPI- 
ADM group the risk of tumor recurrence was increased in 
the first 2 years and it peaked around 6 months after TUR. 
However, in the EPI-ADM plus LC group the risk of tumor 
recurrence was clearly suppressed, especially in year 1 after 
TUR. 

One and 3 patients in the EPI-ADM and EPI-ADM plus 
LC groups, respectively, showed disease progression. Death 
occurred during foUowup in 3 EPI-ADM group patients due 
to bladder cancer in 1 and other causes in 2, and in 4 
EPI-ADM plus LG group patients due to bladder cancer in 1 
and other causes in 3. There were no significant differences 
between the groups in progression-free or overall survival 
(data not shown). 

Table 4 shows the incidence and severity of adverse re- 
actions. The most common adverse reactions involved local 
toxicity due to intravesical chemotherapy, such as pain on 
micturition, urinary frequency and gross hematuria. In the 
EPI-ADM plus LC group 6% and 2% of patients had consti- 
pation and diarrhea possibly related to LC preparation 
treatment, respectively. There were no significant differ- 
ences in the incidence of adverse reactions between the 
groups. Neither serious (grade 3 or 4) adverse reactions nor 
abnormal laboratory findings were observed in either group. 



RECURRENCE PREVENTION AFTER TRANSURETHRAL Bl^DDER CANCER RESECTION 



^ 



epi-AOM Group (n=102) 

-— epI-ADM-fLC Group (n=1 00} 



Time after TUR-BT (Months) 



Fig. 2. Recurrence-&Be Burvival curves after TUR for superficial bladder cancer in 2 groups, EPI-ADM (ept) plus LC group s 
aigniflcantly higher recurrence-free survival than EPI-ADM group tp - 0.0234). 



No patients elected to discontinue protocol treatment due to 
adverse drug reactions. 

DISCUSSION 

Intravesical instillation chemotherapy with EPI-ADM is ef- 
fective for preventing recurrence after TUR for superficial 
bladder cancer. Several reports suggest that sufficient pre- 
ventive effects of EPI-ADM can be achieved even with rela- 
tively few instillations. In fact, Ali-EI-Dein at al reported 
that single dose instillation of EIPI-ADM immediately after 
TUR for superficial bladder cancer was as effective as mul- 
tiple instillations of EPI-ADM for preventing timior recur- 
rence,"' Okamura et al also reported that maintenance in- 
travesical instiUation of EPI-ADM did not improve the 
tumor recurrence rate." However, in our previous study 
comparing 9 short-term and 19 long-term intravesical instil- 
lations of EPI-ADM long-term treatment was significantly 
more effective for preventing intravesical recurrence after 
TUR for superficial bladder cancer.*^ Thus, the optimal 
treatment schedule for intravesical EPI-ADM is still contro- 
versial. When considering cost-effectiveness and the risk of 
adverse reactions, a smaller ntmiber of intravesical instUla- 
tions may be more beneficial. Therefore, 8 instillations of 
EPI-ADM, representing relatively short-term treatment, 
were performed in this trial. 

Probiotics are viable bacteria that show beneficial health 
effects l?y improving the balance of intestinal bacterial flo- 



Table 2. Univariate analysis of factors influencing recurrence 



VariableB 


HH 


95% CI 




Group (EPI-ADM + Z.C/EPI-ADM) 


0.5714 


0.3500-O.S32S 


0.0230 


Age (70 or older/yoiinger than 70) 


1,3621 


0.8463-2.1921 


0.2034 


Sex (F/M) 


0.7135 


0.3846-1.3964 


0.3055 


Smoking habit tyes/no) 


1.1880 


0.7383-L9117 


0.4776 


Tumor multiplicity (multiple/single) 


1.B342 


1.1235-2.9945 


0.0137 


Tumor size tl or greotEr/leaa than 1 cm) 


1.8092 


1.0192-3.2116 


0.0331 


Tumor grodo (2/1) 


0.B77Q 


0.B420-1.761O 


0.9387 


TUmor stage (Tl/To) 


LSS60 


1.14ES-3.0031 


O.0113 



ra.''' The LC strain Shirota has been recognized as a typical 
probiotic strain.^" A case-control study indicated that rou- 
tine intake of Lactobacillus beverages may prevent bladder 
cancer.'" Therefore, patients ingesting food, beverages or 
drugs containing Lactobacillus strains regularly were ex- 
cluded from this study. 

However, it is possible that EPI-ADM group patients 
began ingesting Lactobacillus products during this study, 
which may have resulted in underestimation of recurrence 
prevention by LC preparation. Regardless of this the EPI- 
ADM plus LC group showed significantly higher reourrence- 
fi-ee survival and the difference between the groups was still 
significant on multivariate analysis using factors found to be 
significant on univariate analysis. 

IntravesicBl instillation of BCG is indicated to prevent 
recurrence after TUR for high risk superficial bladder can- 
cer, although it sometimes causes severe toxicity. Since BCG 
was not used in this study, patients with a high risk tumor, 
such as a grade 3 tumor, or multiple recurrent tumors were 
excluded from study. However, it may he worthwhile to 
investigate the efficacy of LC preparation for preventing 
recurrence after TUR for such high risk superficial bladder 
cancers. 

In the EPI-ADM plus LC group the risk of recurrence 
decreased in the early phase, especially in year 1 after TUR 
for superficial bladder cancer, in which the LC preparation 
was administered. The period of a clear suppression of the 
risk of tumor recurrence closely corresponded with that of 
the oral administration of LC preparation. Therefore, if LC 



Table Multivariate 


adjusted r 


ecurrence HEs 




Variables + Models 


HH 


96% CI 


P 

Value 


Univariate 


0.5714 


0.3600-0.9328 


O.0S3O 


AdjuEted for: 








Tumar multiplicity 


0.5734 


0.3610-O.B36S 


0,0241 


Tumor size 


0.6649 


0.3396-O.9O66 


0.0169 


Tumor stage 


0.S721 


0.3604-0.9341 


0,0233 


Tumor nultiplidty, gizq + stage 


0.6654 


0.3450-0.9265 


0.0216 
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0.0002 
0.0000 





A epi-ADM Group (n=1 02) 




1 epi-ADM+LC Group {n=100) 



















































0 


12 


24 36 48 


60 


72 


Patients at risk 




Follow-up period (Months) 






epi group 


73 


54 44 3D 


11 




opi+i.C group 


76 


69 55 36 


21 





3; HiBlt Of tumor recurrence in EPI-ADM {epi) plus LC group was clearly decreased, especially in year 1 after TUR, compared to that 

in EPI-ADM crrniin 



preparation oral administration were continued in the late 
phase after TUR, further improvement in recurrence-free 
survival may be achieved. Neither progression-free nor over- 
all survival differed significantly between the groups, prob- 
ably due to the small number of events. However, since 
intravesical recurrence may require hospital treatment, im- 
provement in recurrence-free survival may be beneficial for 
decreasing costs for patients who must undergo TUR to treat 
superficial bladder cancer. 

The LC strain contained in the LC preparation used is 
highly tolerant of gastric add, bile acids and other compo- 
nents of digestive juices, and it can multiply in the intestinal 
tract to normalize intestinal flora. LC prevents the produc- 
tion and promotes the elimination of cai'ciiiogens and muta- 
gens by intestinal bacteria, and it prevents the excretion of 
mutagens in urine in humans who have consumed fried 
ground beef.'^^ Thus, LC is believed to prevent tumor devel- 
opment by improvmg intestinal flora. LC is also a biological 
response modifier that enhances immune system activity in 
h um n n s." It would be of great interest to clarify the mech- 
anisms by which the combination of intravesical instillation 
of EPI-ADM and oral administration of LC preparation pre- 



vents intravesical recurrence after TUR for superficial blad- 
der cancer. 

The safety of LC preparation is established, although it 
may cause gastrointestinal symptoms in rare cases. While 
constipation and diarrhea developed in patients receiving 
LC preparation in the current study, the incidence was low, 
severity was mild and compUance with LC preparation 
treatment was favorable. There were no differences between 
the groups in the incidence or severity of adverse reactions, 
including those associated with micturition. Although the 
number of patients who could not complete the protocol 
treatment was higher in the EPI plus LC than hi the EPI 
group (24 vs 7), this difference was not due to adverse 
reactions to LC preparation. Thus, the combination of intra- 
vesical instillation of EPI-ADM plus long-term oral LC prep- 
aration appeared highly tolerable. 

Oiu- findings reveal that adding oral treatment with LC 
preparation with a high degree of safety may enhance the 
efficacy of intravesical EPI-ADM for preventing intravesical 
recurrence after TUR for superficial bladder cancer. We are 
considering a prospective, randomized trial of this treatment 



Table 4. Adverse drug reaction incidence + severity 




No. EPI-ADM {%) 


No. EPI-ADM + LC (96) 


p Value (chi-gquBTG test) 


Pain on mictiirib'on; 








Grndo 1 


34(33,3) 


24(24.0) 


0.929 


Grade 2 


8 (7.8) 


7 (7.0) 




Urinary frequency: 






Grade 1 


22 (21.B) 


19 (19.0) 


0.905 


Grade 2 
Gro3s hematuria: 


8 (8.B) 


6 (6.0) 




Grade 1 


16(14,7) 


14(14.0) 


0.S36 


Grade 2 


4 (4,0) 


2 (2,0) 


ConstipatioQ; 




Grade 1 


2 (2,0) 


4 (4.0) 


0.895 


Grade 2 
Diarrhea: 


2 (2.0) 


2 (2.0) 




Grade 1 


Q 


1 (LO) 


1.000 


Grade 2 


0 


1 (1.0) 
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vs BCG to prevunf, rcoirrence after TUR for supurficial blad- 
der cancer. 

CONCLUSIONS 

Oral LC preparation enhanced the efficacy of intravesical 
EPI-ADM for preventing recurrence after TUR for superfi- 
cial bladder cancer. To our knowledge this is the first report 
of the additive effect of an oral nonchemotherapy for pre- 
venting tumor recurrence by intravesical cliemotherapy. 





Abbreviations and Acronyms 


BCG 


= bacillus Calmette-Guerin 


EPI-ADM 


- epirubicin 


LC 


= Lactobacillus casei 


TUR 


= transuretlu-al resection 
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The transgenomic metabolic effects of exposure lo eitlier Lactobacillus paracasei or LactobaciUm 
rhamnosus prabiotics liave been measured and mapped in humanized extended genome mice 
(germ-freo mice colonized with human baby flora). Statistical analysis of the compartmental 
fluctuations in diverse metabolic compartments, including biofluids, tissue and cecal short-chain 
fatty acids CSCFAs) in relation to microbial population modulation generated a novel top-down 
systems biology view of the host response to probiotic intervention. Probiotic exposure exerted 
microbiome modification and resulted in altered hepatic lipid metabolism coupled with lowered 
plasma lipoprotein levels and apparent stimulated glycolysis. Probiotic treatments also altered a 
diverse range of pathways outcomes, including amino-acid metabolism, methylamines and SCFAs. 
The novel application of hierarchical-principal component analysis allowed visualization of 
multicompartmental transgenomic metabolic interactions that could also be resolved at the 
compartment and patliway level. These integrated system investigations demonstrate Oie potential 
of metabolic profiling as a top-do wn systems biology driver for investigating the mechanistic basis of 
probiotic action and the therapeutic surveillance of tlie gut microbial activity related to dietary 
supplementation of probiotics. 
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Introduction 

The gut microbiome-mammalian 'Superorganism' (Leder- 
berg, 2000) represents a level of biological evolutionary 
development in which there is extensive 'b-ansgenomic' 
modulation of metabolism and physiology that is a character- 
istic of true symbiosis. By definition, superorganisms contain 
multiple cell types, and the coevolved interacting genomes can 
only be effectively studied as an fn vivo unit in situ, using top- 
down systems biology approaches [Nicholson, 2006; Martin 
etal, 2007a), Interest in the impact of gut microbial activity on 
human health is expanding rapidly and many mammalian- 
microbial associations, both positive and negative, have been 
reported (Dunne, 2001; Verdu e£ al. 2004; Nicholson et al. 



2005; Gill et al, 2006; Ley et al, 2006). Mammalian-microbial 
symbiosis can play a strong role in the metabolism of 
endogenous and exogenous compounds and can also be 
influential in the etiology and development of several diseases, 
for example insulin resistance [Dumas et al, 2006), Crohn's 
disease [Gupta et al, 2000; ivfarchesi et al, 2007}, irritable 
bowel syndrome (Sartor, 2004; Martin et al. 2005), food 
allergies [Bjorksten et al, 2001), gastritis and pepdc ulcers 
(Wairen, 2000; Marshall, 2003). obesity (Ley et al. 2006; 
Hirnbaugh et al. 2006). cardiovascular disease (Pereu-a and 
Gibson, 2002) and gastrointestinal cancers [Dunne, 2001). 
Activities of the diverse gut raicrobiota can be highly specific 
and it has been reported that the establishment olBifidobactem. 
is important for the development of the Immune system and 



© 2003 EMBO and Nature Ptibilshing Group 



Molecular SyElemsBiQiogv 2008 1 



for maintaining gul function (Blum and Scliiffrin, 2003; 
Salminen etal. 2005; Ouwchand, 2007). In parliculnr, olovalcd 
counts in Bifidobacterium with reduced Esclieridiia coti, 
streptococci, Bacteroides and clostridin counts In breast-fed 
babies compared to fomiula-fcd neonates may result in llie 
lower incidence of infections, niorbidily and mortality in 
breast-fed infants (Dai el al. 20D0; Kunz e/ al, 2000). As the 
microbiome interacts strongly witli the host to deiarniine the 
metabolic phenolype (Holmes and Nicholson, 2005; Gavaghan 
McKee e£ al, 2006) and metabolic phcnotype influences 
outcomes of drug interventions (Nictiolson el al, 2004; Clayton 
et al, 2006] , there is clearly an important role of understanding 
these interactions as part of personalized healthcare solutions 
(Nicholson, 2006]. 

One of the current approaches used to modulate the balance 
of intestinal microflora is based on oral administration of 
probiotics. A probiotic is generally defined as a 'live microbial 
feed supplement which beneficially affects the host animal by 
improving its intestinal microbial balance' (Fuller, 2004). The 
gastrointestinal system is populated by potentially pathogenic 
bacteria that are capable of degrading proteins (putrefaction), 
releasing ammonia, amines and indoles, which in high 
concentrations can be toxic to humans [Cummings and 
Bingham, 1987). Probiotic suppiemonlation aims at replacing 
or reducing the number of potentially harmful E. coli and 
Clostridia in the intestine by enriching the populations of gut 
microbiola that ferment carbohydrates and that have little 
proteolytic activity. Probiotics, most commonly Lactobacillus 
and Bifidobacteria, can be used to modulate the balance of the 
intestinal microflora in a beneficial way {Collins and Gibson, 
1999). Although Lactobacilli do not predominate among the 
intestinal microflora, their resistance to acid conditions and 
bile salts toxicity results in their ubiquitous presence through- 
out the gut (Corcoran et al, 200S), hence they can exert 
metabolic effects at many levels. Fermented dairy products 
containing Lactobacillus have traditionally been used to 
modulate the microbial ecology (Dunne, 2001). In particular, 
L, paracasel was shown to modulate the intestinal physiology, 
to prevent infection of pathogenic bacteria (Barker etal, 2005], 
to stimulate the immune system (Ibnou-Zekri et al, 2003), and 
to normalize gastrointestinal disorders (Martin et al, 2006). 
L rimmnosus is also a significant probiotic strain with proven 
health benefits and therapeutic applications in the treatment of 
diarrhea (Szynanski et al, 20DS), irritable bowel syndrome 
(Kajander et al, 2005). atopic eczema (Corcoran et al, 20DS) 
and the prevention of urinary tract infections (Reid and Bruce, 
200S]. However, the functional effects of probiotic interven- 
tions cannot be fully assessed witliout probing the biochem- 
istry of the host at multiple compartmental levels, and we 
propose that top-down systems biology provides an ideal 
approach to further understanding in this field. The microbiota 
observed in human baby flora (HBF) mice have a number of 
similarities with that found in formula-fed neonates (Mackie 
etal, 1 999), which makes it to be a well-adapted and simplified 
model to assess probiotics impact on gut microbial functional 
ecosystems (in particular on metabolism of Bifidobacteria 
and potential pathogens) and subsequent effects on host 
metabolism. 

Metabolic profiling using high-density data generating 
spectroscopic techniques, in combination with muldvariate 



niatheinalical modelling is a tool which is well suited to 
generate metabolic profiles that encapsulate the top-down 
system response of an organism to a stressor or intervention 
(Nicholson and Wilson, 2003). Mullivariale metabolic profil- 
ing offers a practical approach to measuring the metabolic 
endpoints that link directly to whole system activity and which 
are determined by both host genetic and environmental factors 
(Nicholson et al. 200S) . Recently, metabolic profiling strategies 
have been successfully applied to characterizing the metabolic 
consequences of nutritional intervention (Rczzi et al, 2007; 
Wang lit al. 2007) the effects of the gut microflora on 
mammalian metabolism (Martin el al, 2006, 20D7a,b) and 
mechanisms of insulin-resistance (Dumas et al, 2006). In the 
current study, 'H nuclear magnetic resonance (NMR) spectro- 
scopy and targeted ultra performance liquid chromatography- 
mass spectrometry (UPLC-MS) analysis have been applied to 
characterize the global metabolic responses of humanized 
microbiome mice subsequently exposed to placebo, Lactoba- 
cillus paracasei or Lactobacillus rlianitiosus supplementation. 
Correlation of the response across multiple btofluids and 
tissue, using plasma, urine, fecal extracts, liver tissues and 
ileal flushes as the biological matrices for the detection of 
dietary intervention, generates a top-down systems biology 
view of the response to probiotics intervention. 

Results 

Gut bacterial composition 

Microbiological analyses were performed on fecal samples to 
assess the growth of the HBF in germ-free mice and to ascertain 
the effects of probiotics on the development of gut bacteria. 
Tlie measured terminal composition of the fecal microbiota is 
detailed in Table I, where the statistically significant differences 
between the various groups were calculated using a two- 
tailed Mann-Whitnsy test The bacterial populations of 
Bifidobacteria lonsum and Staphylacaccas aureus were reduced 
after introduction of both probiotics. Additionally, unique 
effects of L. rhamnosus supplementation caused decreased 
populations of BifldDbaderiam breue. Staphylococcus epidermi- 
dis and Clostridium perfHngens but an increase of E. coii. 



Gut levels of short-chain fatty acids 

Short-chain fatty acids (SCFAs), namely acetate, propionate, 
isobutyrate, n-butyrate and isovalerate, were identified and 
quantified from the cecal content using GC-FID. The results, 
presented in Table II, are given in nmoi per gram of dry fecal 
material and as meanis.d. for each group of mice. The 
production of some of the SCFAs, that is, acetate and butyrate. 
by the HBF mice supplemented with both of tlie probiotics 
was reduced. In addition, increases of the concentrations in 
isobutyrate and isovalerate were observed In the mice fed with 
L. paraaisei. 

Analysis of^H NMR spectroscopic data on plasina, 
urine, liver and fecal extracts 

A series of pairwise 0-PLS-DA models of NMR spectra were 
performed to exfract information on the metabolic effects of 
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■aunts in iiiii 




if iln.'t.'X|)L'rimL'iil 




Groups/lagio CFU 




HLIF (li-IQ) 


mP+Lptiraaisei[i}~<i) 


HBF + L rhamnosus [n - 9) 


L. pamcasel 






S.5±a.2 




L rhamnosus 








7.8 ±0.2 


E. coli 




9.2 + 0.3 


<}A±Q.3 


9.8 ±0,5* * 


B. breve 




9.1 ±0.2 


7.78 + 2.13 


a.7 + 0.3- 


B. lonsiim 




8.2 ±0.6 




6.3±0.S*" 


S. aureus 




7.4 ± 0.3 


6.3 ±0.3* 


5.6 ±0.5" • 


S. epidermidis 




4.B±0,<J 


4.9 ±!, 2 


4.0 + 0.5** 


C. perfringeru 




7.2 ± 0.3 


7.0 ±0.5 


S.7 + 1.0*'* 


Bacteroides 




10.3+0.2 


10.4 ±0.2 


10.] ±0.4 



iDBii) CFU fcnIany-fDrming unit) given per Er.iin of wuM wcialil of leccs. Dala .ire prcsi'islfd as menn ±.i.il. AbsciSLe of spL-clRc liiiclfrial strains In Hie eul micraflora In 
inilicaled by "— ". The values for ihc HBF mue supiileinemml wllli pniblDlics were compared lu I IBF coturol mice. * ■ • ■ niiti ' • " Inillcale a slBiil fiani dllTereilce ai 95, 
99 and 99.9% confidence levels, rcsiiucilvcly. 



Ilibic U Sliorl-chain fslty .idd content in the cecum from the dtirerent jirmips 



Amounts of SCFAs gtven in Mmol per gram of dry 
feces for each group 


Acetate 


Praplonale 


Isobutyrate 


Butyrate 


Isnvalerate 


HBF(n=10] 

HBF+L. paramsei (n - 9] 
HBF+L. rhamnosus [n=9) 


77.6 ±17.6 

S2.3±Z3.6"* 

40.6±B'" 


22.3 ±4.3 

22.2 ±10.8 

20.3 ±2.8 


0.9 ±0.2 

1.2±0.5'*' 

0.810.2 


3 ±0.6 
l.S±O.B*" 
2.1+ 0.4' 


2.1 ±0.6 

2.711.2" 

2.110.5 



Data arc prescnicd hi umal per gram of dry feces and are ptescnicd as means ±s.d. The amounls of SCFAs for Ihe KBF mice supplemented with probiotics were 
compared lo HBF control mice, *" and indicate a slgnlflcanl difference at 99 and 99.9% confidence levels, respectively. 



probiotic modulation. A statistically sigm'Bcant metabolic 
phenotype separation between untreated mice and probiotic 
supplemented animals was observed as reflected by the 
high value of for each model (Cloarec et al, 2D0Sb; Table 
III). The corresponding coefficients describing the most 
important metabolites in plasma, liver, urine and fecal extracts 
that contributed to group separation are also listed in 
Supplementary Table 1. The area normalized intensities 
(lO' a.u.) of representative metabolite signals are given as 
means ±s.d. in Tabic III. The 0-PLS-DA coefficients plots are 
presented in Figure 1 using a back-scaling transformation and 
projection to aid biomarker visualization (Cloarec el al, 
200SbJ. The direction of the signals in the plots relative to 
zero indicates positive or negative covariance with the 
probiotic-treated class. Each variable is plotted with a color 
code that indicates its discriminating power as calculated from 
the correlation matrix thus highlighting biomarker-rich 
spectral regions. 



Liver metabolic profiles 

Livers of mice fed with L. paracasei showed relative decreases 
in dimethylamine (DMA), trimethylamine (TMA), leucine, 
isoleucine, glutamine, and glycogen and increased levels of 
succinate and lactate (Figure lA], Mice supplemented with 
L. rhammsns showed relative decreases in leucine and 
isoleucine and relative increases in succinate, TMA and 
trimethylamine-iV-oxide (TMAO) in the liver compared to 
controls (Figure ID). 

Plasma metabolic profiles 

Plasma samples showed relative decreases in the levels of 
lipoproteins and increases in the concenfations of glycero- 



phosphorylcholine (GPC) and triglycerides in mice fed with 
both probiotics compared to controls [Figure IB and E). 
Elevated choline levels were observed in plasma of mice fed 
with L. rlmmnosus and reduced plasma citrate levels were 
observed in mice fed with L. paracasei compared to controls. 



Fecal extract metabolic profiles 

Marked changes were observed in the metabolic profiles of 
fecal exU-acts from all supplemented mice, for example relative 
decreased concentrations of choline, acetate, ethanol. a range 
of putative N-acetylated metabolites (NAMs), unconjugated 
bile acids (BAs) and tauro-conjugated bileacids (Figure IC and 
F). Furthermore, relative higher levels of glucose, lysine and 
polysaccharides were detected in the feces from mice fed with 
probiotics. A relative increased level of n-caproate (chemical 
shifts 5 at 0.89(1), 1.27(m). 1.63[q). 2.34(t)) appeared to be 
associated with mice supplemented with L paracasei. 



Urine metabolic profiles 

Urine samples of mice supplemented with both probiotics 
showed relative increased concentrations of indoleacetylgly- 
cine (lAG), phenylacetylglycine (PAG), tryptamine and a 
relative decrease in the levels of ct-keto-isocaproate and citrate 
(Figure IG and H). Relative increased concentrations of a 
mixture of putative glycolipids (UGLp, chemical shifts of 
muldplets at S 0.89. 1.27. 1.56, 1.68. 2.15. 2.25, 3.10, 3.55. 
3.60), W-acetyl-glycoproteins (NAGs) and a reduction in 
3-hydroxy-isovalerate were also observed in mice supplemen- 
ted with L paracasei compared to controls. Urine of mice fed 
with L. rhamnosus showed a reduction in levels of creatine and 
citrulline. 
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Glycogen 

Plasma 
Upoproteins 
Citrate 
Choline 
GPC 

Glyceryls 

Feces 
Caprylate 
Lys 
Osides 
Bile acids 
ELhanol 
CliQline 
NAM 
Acetate 
Ul 



lAG 

PAG 

Tryptamine 
UGLp 

Glycero-mesabalttes 

NAG 

Bulyrale 

a-fceto-isocaproate 
Propionate 

a-hydraxy-isovalerate 
Citrate 

Citrulline 



Chcinical .liiifl and ituiili|ilicily 



0.02(1) 

0.94 (t) 
1.32(d) 
2.41 [s) 
2,61 (s) 
2.91 is] 
3.27(s) 
2.44 (m) 
S.3B-S.4S 



0.B4 (m) 
Z.65td) 
3.2(sJ 
3.22(s) 
3.91 (m) 



l.27(m) 
3.00{m) 
S.42(in) 

o.nis) 
i-iHdj 

3.2D(s) 
a.OGim} 
1.91 Cs) 
3.71 (s) 



7.55(d) 

7.37(m) 

7.70(d} 

1.27(m) 

4.04 Cm) 

2.04(s) 

0.90 [t) 

0.g4(d) 

1.05(0 

1.24(s) 

2.55(d) 

3.92[E] 

1.88 (m) 



2.410.6 
O.B±O.I 
.18.4+5. a 
0.2 ±0.1 
0.1 ±0.06 
0.2 ± 0.04 
10.3 ±2.2 
0.4 +0.1 
3.4 ±1.9 



13.7±1.B 
1.4 ±0.3 
11.6 + 2.6 
44.1 +4.6 
2.0 ±0,3 



2.5 ±0,1 
3.2±0.S 
0.9 + 0.09 
3.1 ±0.9 
2.5±0.l 
48.0+19.5 

7.1 ±1.0 
58.7 ±34.2 

9.2 + O.S 



0.1+0.03 
0.8 ±0.1 

0.I+D.04 
1.710.1 

1.7 + 0.1 
3.S + 0.2 
e.9±0.S 

13.8 +4.e 
0.9 ±0.2 
3.010.4 

10.817.6 
5.7+2.1 

3.8 + 0,5 



HBI^ + L puraran 

Q5 = 2l%,;is-44% 
1.710.3'" 
0.610.DS*" 
46.21B.2-' 
1.010,6" 
0.04 ± 0.002* • 
0.D71O.O3*" 
13.113.7 
0.310.!' 
1.510.6' 

Qv = 44%,«i-S0% 
10.110,9"* 

0. 9 ±0.4" 
IG.21S.7' 

573 + 12.5" 
2.5 ±0.4' • 

Q^=90%.R|-48% 
3.S+0.2'" 
5.0±0.3'" 
l,2±0.l"* 

1. B + D.7" 
2.0 ±0.08*" 
U.3 + 4.1*" 
S.410.3"' 
27.0 ±9.2- • 
7.3±0.3*" 

Q$ = 9I%,J?J = 47% 
0.610.2"* 
1.S1D.3*" 
0.410,1"* 
2.710.4"* 
2.2+0.2'*' 
4,3+0,2*" 
5.2 ±0.7" 
6.112.3" 
0.810.04* 
2.110.4" 
1.610.6" 
4.511.5 
3.3 + 0.4 



HUF+L, rimitmosus 

1.910.5* 
0.710.2 
39.219.7 
0.710.3* 
0.08 ±0.05 
0.210,09 
18.518.0" 
0.310.1 
3,2±1.9 



20.5 ±3.8"* 
68.11 11.2*" 
2.710.4" 

0^-89%. R|- 49% 
2.4 ±0.1 
4,911.2" 
1.410. T" 
2.010.6' 
1.9 + 0,09*" 
20.3110,9"* 
S.S10.3"' 
32.9112,9* 
8.210.5"* 

qJ = S9%,«J = 46% 
0.410.2" 
1.210.4* 
0.210.1" 

1.7 + 0.2 
1.910.2' 

3.8 ±D J 
5J10.9" 
7.9±2,1" 

0.8 ±0.1 
2.6 ±0.2 
2.210.9* 
3.5 + 0.3*' 
3.010.4" 



models were generated for cnrnparing prabiotlcs trcjied lo HBF cnnlrol mice using one predictive and two orthogonal components, Rx"" value shows how 
mucti of the vanaUon Is explained. Qv' value rcpresenis the prediciability of the models, and relates to its statistical validity. Data are presented as area normalized 
inlensiUes [10 a.u.) of representative melatMlIte signals as niean5±s.d. The values for the HBF mice supplemented with probiotics were compared to HBF control 
mice. • • 'and "• indicate a slgnfficani difference at flO, 95. 99 iuid 99.9% confidence levels, respectively. 

3, smelel; d, doublet; t, triplet; q, quartet; m, mullipiel; dd, doublet of doublets. For meiabolile abbreviations, refer to die key in Figure 1, MA: mediyhimlnc. 



UPLC-MS analysis of bile acids in ileal flushes 

The piT)portion of bile acids in ilea! flushes from the (different 
groups are given in Table TV and are shown as meanls.d. of 
the percentage of the total bile acid content. 0-PLS-DA of the 
data set revealetl that the relative concentrations of bile acids 
obtained from unsupplemented HBF mice are separated from 
those treated with probiotics, the correlation observed with 
L paracasei being more significant than with I. rhamnosus as 
noted by the values of the cross-validated model parameter Qy 
(Figure 2). For example, HBF mice supplemented with 
L. paracasei showed strong correlations with higher amounts 
of GCA, CDCA and UDCA and lower levels of a-MCA in the 
ileal flushes when compared to controls, HBF mice fed with 
L. rhamnosus also showed higher levels of GCA associated 
with lower levels of TUDCA and TCDCA in the ileal flushes 
when compared to untreated HBF mice. 



Integration of murttcompartment metabolic data 
using hierarchical-principal component analysis 

A principal component analysi.s CPCA] model was initially 
constructed separately for the metabolic data from each 
individual biological matrix (plasma, urine, liver, fecal extracts 
and bile acid composition in ileal flush; Figures 3 and 4). Three 
principal components were calculated for each cross-validated 
PCA model, except for the plasma where four principal 
components were retained to maximize the explained variance 
R^X and the cross-validation parameter following the 
standard sevenfold cross-validation method (Cloarec ef of, 
20DSb]. These PCA models descriptors (R^X/Q^] were 0.70/ 
0.36 (plasma], 0.41/0,11 (urine], 0.8D/0.71 (liver], 0.94/0.67 
(bile acid] and 0.61/0,42 (feces]. The score vectors tb from 
each model were then assigned as new X-variables (Figure 3]. 
Thus, the top level X-matrix contained 16 descriptors, denoted 



4 Molecular Systems Biology 20DS 



© 200B EMBO and Natute Publishing Group 




Figure 1 0-PLS-DA coafficient plots derived Irom MAS NMH CPMG spacUa of liver (A, D), 'H NMR CPMG spectra ol plasma {B, E), 'H NMR slaidard spectra of 
iBca\ extracts {C, F) and urine (G, H). Indicating discrimination between HBF mice led with probiotics (positive) and HBF control mice (nagalivs). The color code 
corresponds to ttie rorrelalion coeffiGisnts of the variables witli ttia oiasses, BAs, Bile acids; dImBltiylamlna; Glc, glucose; GIrv glutamine; GPC, 
g^yrarDphDsphoiyicfiDline; lAG, indDleacetylglycine; lieu, isoleuclne; Uu, leucine; Lys, lysine; NAG, W-acelylated glycopiolelns; NAM, W-acetylated metabolites; 
Osldes, giycQsldas; PAG, phenylacetylgiycine; TBAs, taurina conjugated to bile adds; TMA, trimafitylamine; TMAO, trimelhylamtne-Atoxlde; U61j), unidentified 
glycolipids. 



Pi [plasma PCs 1-4], Li (liver PCs 1~3L Uj (urine PCs 1-3), Bi 
(bile add PCs 1-3) and F) (fecal PCs 1-3], which comprise only 
the systematic variation from each of the blocks/compart- 
ments. The two first principal components (pi and p2) 
calculated for the hierarchical-principal component analysis 



(H-PCA; Westerhuis etal, 1998) model ffil^X=0.60} accounted 
for 37 and 23% of the total variance in the combined multi 
compartment data respectively. The cross validation for die 
H-FCA model failed due to the hi§h degree of orfliogonality 
within the X-matrix, that is, within each of the blocks all variables 
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are orthogonal to each other, while each of the biologicil lunlriccs 
could be cross-validated at the individual level. 

The H-PCA scores plot illustrated a degree ordustcring with 
respect to the groups of HBF mice [Figure 4A). The 
corresponding H-PCA loadings plot indicated the conlribulion 
of the 16 descriptors to tlie differences observed between the 
samples in the H-PCA scores plot. Problotlc-supplomcnted 
HBF animals are separated from the controls along tlic first 
principal component, and this arises from the main variations 
modelled at the base level PCA of the individual plasma (PI, 
P2}, liver {L2, L3), ileal flush [B2) and urine [UI. U2) data sets 
[Figure 4B}. HBF mice fed with L paracasci were separated 
from those fed with L rhamnosus along the second principal 
component, which was mainly due to the variations modelled 
at the base level PCA of plasma [P2, P3), liver (LI) and urine 
(Ul, U3). Interestingly, the metabolic variations in the fecal 



Ttible IV BUtt acids campasillon In gul flusiics for llie liilferciU inicroliioia 



Microbiola/ 


HBF 


HBF+t. pamcase 


HBF+L. rhamnosus 


Bile acids 






CDCA 


ND 


0.04 + 0.07 


Q.01±0.02 


UDCA 


ND 


O.I ±0.1 


ND 


CA 


0.4 + 0.5 


0.3+0.7 


0.3 ±0.2 


wMCA 


ND 


0.02 ± 0.07 


ND 


oMCA 


0.3 ± 0.2 


D.3±Q.G 


0.2 + 0.2 


PMCA 


O.D + 0.7 


1.3+2.7 


0.8 ±0.7 


CCA 


ND 


O.I+O.] 


0.1 ±. OS 


TCDCA 


3.3 ±1 


4 ±2,1 


2.5 + 1.3 


TUDCA 


e.dilA 


e.6±5.2 


S.1 + 1.02 


TPMCA 


SO ±4.8 


49.2 ±7.5 


50,5 ±5.2 


TCA 


38±3.5 


33+6.2 


40.4 ±S 



Relative composilion in bUe adds given in percmlage of taial bUe add coniem. 
Species not dcieclBd with UPLC-MS ciqwrinienl are sliowii as ND. Ttie key is 
given in UPLC-IUS maicrial and raeihods. 



samjiles have no weight in discriminaling the bacterial 
siipplemenlatinn from the corresponding controls in the global 
model. 

To uncover variatilcs contributing lo the H-PCA super 
scores, llio loadings at the base level PCA model were 
interrogated (Figure 4C-I'J. HBF mice supplemented with 
probiotics showed higher concentrations of glucose, choline, 
GPC, glutaniine, glutamate and lysine in the plasma profiles 
associated with elevated concentrations of glucose in the liver 
and higher levels of TUDCA and TCDCA in the ileal flushes. 
Controls showed higher levels of lipoproteins in tlie plasma, 
elevated concentrations ofllpids. glycogen, glutamine. gluta- 
mate, alanine, TMAO and lactate in the liver, associated with 
higher levels of TCA and T(iMCA in the ileal content. 
Unsupplemented HBF mice also showed elevated urinary 
excretions of creatine, citrate, citrulline, lysine, UGLp, NAG 
and a-keto-iSDcaproate compared to animals fed with probio- 
tics. Moreover, H-PCA also revealed that HBF mice treated 
with L. rhamnosus had higher levels of hepatic lipids and 
plasma lipoproteins but lower concentrations of lactate and 
amino acids in plasma and lower urinary excretion of PAG. 
lAG, tryptamine and taurine than HBF mice treated with 
L paracaseL 



integration of correlations between bile acids and 
fecal flora 

We further investigated the connections between fecal flora 
and intestinal bile acids using a correlation analysis based 
bipartite graphical modelling approach [see Materials and 
methods; Figure S] used previously to investigate the effects of 
gut microbiome humanization in germfree mice (Martin et al, 
2007a]. In the current study, we are working with a superior 




Rgure 2 0-PLS-DA caetficlent plats derived from the blla acid oomposltion obtained by UPLC-MS analysis of Ileal (lushes, which indicate dfectimlnalion between HBF 
coniral mica (negative) and HBF mice treated with praWotlcs (positive), (A) L paracaselami (B) L rhamnosus. The color code corresponds to the comlation 
coefficients ol Ifie vanables. One predicllve and one orthogonal component ware calculatad; Ow respective £3? and fl| are (76.4, 52,2%) and (50,3, 51.2%). 
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Hgure 3 Schemalic overview gI H-PCA modBllIng: (Gunnarsson e( a/, 2GQ3). In Ihe sublevai, each block ol dala X S is modBlled locally by a PCA nwdsl. Each block Is 
summanzeiJ by one or maro loading vectors pt, and score veclors 1p ('super vartables'). which can be combined la foim a new da)a matrix than can then be modelletJ 
using t'OA, Which generates the super scores' It and Ihe 'super loadings' pj. All conventional PCA slalistics and diagnostics are retained. 
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Figure 4 H-PCA scores (A) and ioadlngs (B) plols for tha two flist components dorivad (rom scores of separate PCA constructed separately for the melahollc data 
Irom Mch individual biological matrix from HBF mice (■ ), HBF-L paracasmnicB ( ♦ ) and HQF-L. rhamnosus mice ( O). These PCA models explained 94% |Mb 
acid C), 70% {pfasma, D), 80% (liver, E), 41 % (urine, F) and 61 % (feces, data not shown) of the totai variation in the data, respectively, Tlie systematic variation fram 
each of the btock/compailmEnt is summarized by its score vectors denoted P, (plaana PCs M), L, (liver PCs 1-3). U, (urine PCs 1-3), B, (bile acid PCs 1-3) and Fi(feoai 
.1 X . u combined to form a new dala matrix than cm (hen be modelled using PCA. The individual PCA loadings were color coded acoordlng lo their 
coiilribuUwi loJhe H-PCA model in red (principal component 1) and in blue (principal component 2). The mottel has been cateulated from Pareto scaled data using two 
cross^/alldated PCs, R'X=60%. Ala, alanine; see Rgurel. 



model where all the major bacteria strains are identified, 
which was not possible when considering conventional 
microflora. Positive and negative correlations show the multl- 
colinearity between bile adds and gut bacteria, whose 



concentrations are interdependent such as in the case of 
substrate-product biochemical reactions. Additional pixel 
maps of the correlation matrices are given to help Interpreta- 
tion In Supplementary Figure 1. 
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?"?A^ udL^^? " ? coneJations, The bipartite graphs were derived from correlations between iecai flora and blie adds in each group: HBF 

mice (A), IHBF mice supplemented with L pamcasel (B) or L rhamnosus (C). The cut-off value of 0.5 was appfed to the absolifte vaius of She coefnclsnt Iff for 
aspiaying tne corrBlations between lacal flora and bile acids. Ble acMs and fecai bacteria correspond to blue ellipse nodes and gresn rectangle nodes, respectively. 
Edges are coded acmiding to correlation val\x: positive and negative correlallons are respecttvely displayed in blue and In red. aI\flA, a-murichoiio acid; Ea, 
BacteroidB^ Bh, B breve: B[ B. longum, bMA, p-muiicholic acid; CA, chollc add; CDCA, chenodeoxycholic add; Cp, C. perfringens; Ec, E. coin GCA, 
glycocholic afM\La Lactabaallus problotics; Sa, S. aureus; Se, S. epMermMs, TCA, taurochollc acid; TCDCA, taurochenodeoxychoilc acid; 7MCA, tauro-B- 
mufichalfe acid; TUDCyi, tBuroursocrwIlo add; UDCA, ursochollc add. * and Indicate a statistically significant conBlaltoti ^ 95 and 99.9% conndance levels, 



Control HBF mice and HBF mice suppiemenled with 
problotics show remarkably different bile acid/fecal flora 
correlation networks [Figure 5A-C], indicating that small 
modulations in the species composirion of the microbiome can 
result in major functional ecological consequences. Network 
statistics reveal that microbiome/metabolome bipartite graphs 
from HBF mice supplemented with Lactobacilli show a totally 
different nodai structure {given for the cut-off value of 0.5]. In 
particular, we observed that in the network obtained from 
control HBF mice, the most connected bacteria are Bifidobac- 
teria, Staphylococci, and Clostridia, for which the variations 
are intrinsically correlated with the balance in tauro-conju- 
gated bile acids [TCDCA, T^MCA. TCA, TUDCA) and uncon- 
jugated bile acids [CA, oMCA. PMCA). In particular, the 
potentially harmful opportunist C. perfringens shows func- 
tional correlation of opposite sign forTpMCA, TCDCA, oMCA 
and (3MCA when compared to Bifidobacteria and S. aureus. 



Network analysts for HBF mice supplemented with 
L paracasei reveals that Ijctobacilii supplementation resulted 
in decreasing the functional links between Bifidobacteria and 
bile adds, while new significant correlations were observed 
between bile acids, and Bacteroides, S. aureus, S. epidermidis 
and L paracasei. Moreover, E. coli has several connections 
with UDCA, aMCA and TCDCA. Interestingly, Bacteroides 
shows functional correlations of opposite signs for TpMCA, 
TUDCA and TCA when compared to Lactobacilli and 
Staphylococci. 

When HBF mice received L. rhamnosus prabiotic, the 
microbiome/metabolome network shows a significant lower 
level of complexity {given for the cut-off value of O.S). The 
balance within B, breue, S. aureus and S. epidermidis appears 
highly correlated to the composition in tauro-conjugated 
bile acids (TpMCA. TCA] and unconjugated bile adds 
(PMCA, CA). 
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Discussion 

The cometabolic proceasfs rci^uKitin!; iiiiiniiiinlinn sysiciiis 
and their coexisting gut niiciobioLi an? .in cssunlial l-vdIu- 
tionary driver towards prouldiiif; more rcfiiiL'd cotiiral me- 
chanisms on the host pliysiolney {Pcreira .iikI Gibson, 2002; 
Pereira etai, 2003r BackhctI et al. 2004; Holiucs and Nicholson, 
2005; Nicholson et al. 2005; Dumas cl al. 2006; Marlin ct al, 
2006, 2007a]. In the prcsonl study, we demonstrate a 
significant association between Ihe probioltc modulnlioii of 
the gut raicrobiome and llie mclabolism of SCFAs, amino acids 
and methylamines, bile acids and plasma lipoproteins, and 
also an association wilh stimulated glycolysis, showing the 
remarkable diversity of sym!)iotic cometabolic conncclions. 



Gut microbiotal links to host energy metabolism 

We have recently described that HBF mice suppiemenled with 
L paracasei were characterized by a high gut contonl of tauro- 
conjugated bile acids due to the inability of gut flora to 
deconjugate the bile acids, which resulted in high Intestinal 
absorption of dietary lipids, accumulation of lipids in the liver 
and reduction of lipoprotein levels in plasma when compared 
to conventional animals (Martin et al, 2007a]. Here, we show 
that probiotics supplementation of HBF mice resulted in a 
decrease in the plasma concentrations of VLDL and low- 
density lipoproteins [LDL] and increased triglyceride and GPC 
concentrations in plasma when compared to HBF controls 
(Figure IB]. In addition, the Laclohadlbis supplementation 
resulted in decreased fecal excretion of bile acids [Figure IQ. 
that may be caused by accumulation of bile acids in 
LflcrodQceU/is probiotics (Kurdi etal. 2000], These observation 
indicated probiotic-induced changes in the enterohepatic 
recirculation of bile acids, which were shown to lower 
cholesterol and systemic levels of blood lipids (Pereira and 
Gibson, 2002]. Moreover, probtotic-speuific iiiodulalion of the 
ileal concentrations of UDCA and CDCA (Figure 2; Table IV) 
may also contribute to modulation of the synthesis and 
secretion of VLDL into the blood (Lin et al, 1996; Watanabe 
etal. 2004). 

Moreover, tlie main source of dietary lipids in animal chow 
is soybean oil, which is composed at 65% of long-chain 
polyunsaturated fatty acids. It is well known thatLactobadllus 
hydrolyzes soy oil to conjugated linoleic add efficiently [Xu 
etal, 2005], which results in a reduction of plasma lipoprotein 
concentrations and hepatic cholesterol (Fukushim a etai, 19%, 
1997; Al-Othman, 2000) and in the inhibition of S. aureus 
growth (Das, 2002], as observed in the current study. 
Furthermore, probiotics supplementation was associated with 
significant reduction of acetate in the cecal content (Table li] 
and in a reduced hepatic acetate:propionate ratio, for which a 
serum lipids lowering effect has previously been described 
(Wong et al. 2006). Our results illustrate the fine relationship 
between a specific gut microbial population modulation and 
the host's lipid metabolism and that a probiotic intervention 
can provide refined control mechanisms on the host's 
physiology. 

Furthermore, the molecular foundations of beneficial 
symbiotic host-bacteria relationships lie in die critical 
involvement of the microbiome in calorie recovery through 



fui'UiL'rprna'Sjiing of ilictary nutrients and indigestible fibers. 
LL'vels of leucine and isoteuchie were reduced togclher wilh 
llioir kelo-nciil deriv.ilive (ct-keto-isocaproale) in /... pamcasei- 
su]iplt!incnted mice. These ohscrviitinn.'i suggest higher 
catabolisin of branciicd-chnin amino .icids to produce acelyl- 
CoA and glucose vin gluconcogenesis. Decreased levels of 
cilralein urine and plasma, but increased liver succinate levels 
may also indicate the shunt of the tricarboxylic acid cycle 
towards production of phosphocnolpyruvnte for gluconeogen- 
csis in L /;urfjca.w/-sui]plcnienled mice. Moreover, reduction 
of liver glycogen observed with L. paracasei supplementation 
is consistent with our other observalions of generalized host 
mobilixatton of other metabolic fuels. 

Probiotics induce specific microbiome-liost 
transgenomic metabolic interactions 

Wo investigated the relationship between probiotic-inducod 
changes in gut microbes and bile acid cometabolism using 
bipartile graphs to display correlation patterns between fecal 
flora and bile acids (Rgurc S). Correlation analysis derived 
from bile acid and fecal flora profiles offers a unique approach 
to capture subtle variations in bile acid composition dtat may 
be directly related to changes in gut microbial levels, and that 
may be induced by accumulation of bile acids in Lactobacillus 
probiotics for instance. Control HBF mice and HBF mice 
supplemented widi probiotics show remarkably different bile 
acid/fecal flora correlation networks. The different bacterial 
strains of Bactcroides, Clostridia, Streptococci and Lactobacilli 
share similar abilities to deconjugate the hepatic tauro- 
canjugated bile acids (Midtvedt and Norman, 1967; Floch, 
2002). In that regard, the overwhelming contrast between the 
balance of these bacteria on one hand, and conjugated bile 
acids [TCDCA, TpMCA, TCA, TUDCA) and unconjugated bile 
acids [CA, aMCA, pMCA] on the other hand, higlilights tlie 
metabolic ilexibiiity of the gut microbiota in response to 
probiotics supplementation. These different correlative pat- 
terns further characterize the microbial-mammalian transge- 
nomic metabolic interactions, whereby probiotics-induced 
modulation of the gut microbial functional ecosystem results 
in different bile acid composition [Figure 2) and enterohepatic 
recirculation. 

The relationship between specific gut microbial strains and 
bile add cometabolism is well illustrated with tlie contrast 
between Lactobacillus, which shows resistance to bile salt 
toxidty [Corcoran ef al, 2005], and C perfringens, which is 
sensitive to the strong growth inhibitory effects of unconju- 
gated bile acids and TCDCA (Kishinaka et al. 1994; Floch, 
2002). In the absence of Lactobacillus supplementation, 
C. perfringens has anticorrelated connections with TCDCA, 
aMCA and PMCA, which highlights the strong inhibitory 
effects of these bile adds on C. perfringens growth. Interest- 
ingly, die probiotic supplementation was either associated 
with maintenance or decrease of the Clostridial population 
(Table I), while no functional correlations between 
C. perfringens and bile acids were observed. In that regard, 
these observations may indicate different nutritional competi- 
tion leading to modulation of C. perfringens population and 
maintainance of the intestinal ecology. Consequently, inter- 
bacterial cooperation to transform bile adds is an important 
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factor that needs to he cannidoml noi only for the fiiio luniiiR 
of microbial balance bul also lo mniltilale dietary fat 
emulsificalion and absorption. 



Gut-bacterial production of methylamines via 
choline metabolism 

The elevation of methylamines (TMA.TMAOl in liver, choline 
and GPC in the plasma and decreased choline in feces from 
HBF mice supplemented with L rliamnasus [Figure 1) are 
additional illustrations of the complex 'mtcrobial-mammalian 
metabolic axis,' as the microbiota arc Involved in the synthesis 
and metabolism of these molhylnmines fal-Waii-, et al, 1992). 
The first reaction of the mclhylamine pathway involves 
conversion of dietary choline Into TMA hy gut microbiota 
(Zeisel ef al, 1983), which is then detoxified to TMAO in the 
liver via the flaviiie monooxygenase system (Smith et al, 1 994; 
CFigure 6]. L rhamnosus supplementation contributes to 
higher absorption of free choline and may induce elevated 
production of methylamines by Bacteroides and C perfringens 
[Allison and Macfariane, 1989) through nutritional com- 
petition. 



InleresliiiBly, /.. pamrnsci consumption may favor a 
different metabolic fate for choline through different bacterial 
rcprocossinij. Decreased focal choline was associated with 
reduced caiicentralinns nf TMA and DMA in the liver, an 
increase in plasma GPC, Inil with no changes in liver TMAO 
and plasma choline after I., paracaxei supplementation. These 
animals also showed a greater reduction in plasma lipopro- 
teins wihen compared lo otlicr groups. Here, these observa- 
tions may result from elevated bacterial consumption for 
cholesterol assimilation (Rasic, 1992) and phospholipid 
metabolism {Jenkins and Courtney, 2003; Taranto et al, 
2003; Kankaanpna et al. 2004). Thus, the reduced availability 
of choline to other bacterial strains may have led to lower 
production of methylamines and absoriHion of free choline 
into host metabolism. 



Probiotic modulation of amino-acid metabolism 

Investigation of the urine metabolic profiles showed signifi- 
cant increases in the concentrations of microbial cometabo- 
lites PAG, lAG and tryptaminc in probiotic supplemented mice 
(Goodwin et al, 1994; Smith and Macfariane, 1996), These 
metabolites arc produced from amino acids, which after 




Rgure B Gut-micfohlotfi-marnmalai comst^Dlism of metliylarOTies and aromatic 

PA, phenylacelate [see Rgure 1). 
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depotymerization of dictnry prolcins (LMScin) by pniiciLMlic 
endopepHdases and bacterial proteases niid peptidases, 
become available for fermentation by tlie git( microflora 
(Smith and Macfarlane, 1996]. as outlined in Figure 6. 
Metabolism of the aromatic amino acids phenylalanine, 
tyrosine and tryptophan generates phcnylacelate (I'A), 
p-cresol, indoleacetatc [lA) and iryptaminc, respectively 
{Donaldson. 1962; Smith and Macfarlane, 199fi}. PA and lA 
may be detoxified in the gut mucosa and the liver by glycine 
conjugation foiming PAG and tAG prior to excretion via the 
urine (ponaldson, 1962; Smith and Macfarlane, 1996). The 
production of PA and lA has been restricted to a certain 
taxonomic group of gut bacteria, including Bactcraidas, 
Clostridia and £. colt, which count among the dominant 
species in HBF colonized mice (Smith and Macfarlane, 1996; 
Xu et al, 2002). Tlie increased urinary excretion of phenolic 
and indolic compounds refleas variations in gut microflora 
composition in relation to nutritional competition (Smith and 
Macfarlane, 1996; Nowak and Libudzisz, 2006). For instance, 
lA has been reported lo inhibit the growth and survival of 
Lactobacilli, and specifically L. paracasei {Nowak and 
Libudzisz, 20DS]. 

In addition, increased levels of lysine in feces from mice 
supplemented with probiotics is another example of bacterial 
contribution to the mammalian amino-acid hoitieoslasls 
(Metges, 2000) and hepatic protein synthesis [Metges et al, 
2006; Figure 1). Higher production of bacterial isobutyrate and 
Isovalerate CRible II) suggests increased bacterial fermentation 
of leucine and valine that can also influence host energy 
metabolism (Macfarlane et al. 1992). Moreover, L. paracasei 
supplementation specifically induced higher urinary excretion 
of NAG and decreased Af-acetylated metabolites in fecal 
extracts. A relationship between high casein diet and 
urinary excretion of NAG has been described previously 
(Hallson et al, 1997), which also suggested elevated bacterial 
proteolysis. 

Altogether, our data suggest that the probiotic-induced 
increased proteolytic activities may reflect the basal metabo- 
lism of these LactobadLlus strains, in particular L. paracasei for 
which the proteolytic activities on casein medium are known 
to be elevated [Sasald etal, 1995; Ikram and Mukhtar, 2006}. 
Moreover, increased urinary NAG levels have been reported as 
a hiomarker of increased tubular activity and tubular cell 
toxicity. Changes in bacterial fermentation of carbohydrates 
can lead to different ion absorption from the gut (Scholz- 
Ahrens ef al, 2001), which may contribute to altered kidney 
metabolism and tubular activity. Therefore, the gut microbial 
contribution to the modulation of the NAG bioraarker is 
certainly of potential toxicological assessment significance. 



H-PCA modelled multicompartmental matrii^s 
related to [ipid metabolism 

H-PCA has been explored for the fii^t time as a top-down 
systems approach to model and integrate metabolic profiles 
from diverse biological compartments. H-PCA modelling 
summarized clearly the intercorrelated changes induced by 
probiotic-trealment in plasma, urine and liver matrices and 
composition in bile acids (Rgure 4). One benefit of the 



hierarchical approach lies in llie much simplified simtitta- 
iieuus vlHUalization of pjobal system biochemical changes in 
multilimlogical matrices and improves intcrpretabiiity. For 
instance, H-PCA resulted in a separation between the treated 
groups, which was not olwcrvcd in separate PCA models. In 
nddiiion, the H-PCA loadings plot gives the relative impor- 
tance of the different blocks (biological matrices] in carrying 
diet-induced discriminant information. Moreover, the relation- 
ships between Ihe descriptors in the simplified H-PCA space 
(H-PCA loadings plot) indicate correlations and anticorrela- 
tions between block variables, which may give insight into 
correlations between the mclabolic variations in different 
biological matrices as exemplified here by rnolabolic changes 
In liver, plasma and urine and rclalcci lo lipid metabolism. The 
H-PCA model also efficiently summarized the intercorrelated 
changes related to higher systemic glycolysis in plasma, urine 
and liver matrices, that is. reduced ketone body formation, 
anaerobic glycolysis, tricarboxylic cycle perturbation and 
amino-acid catabolism (Figure 4). Such observations might 
lead to better description of mulliorgan metabolic perturba- 
tions {Figure 4B}. This multicompartmental top-down 
approach offers a way forward to study the systemic 
biochemical profiles and regulation of function in whole 
organisms by analyzing simultaneously several mclabolito 
pools from different biofluids and tissues. This approach also 
provides a new strategy for Ihe quantitative and qualitative 
evaluation of different probiolic (or indeed any functional 
food or iiutriceutical) interventions in relation to host 
biochemistry. 



Conclusion 

Significant associations between host metabolic phenotypes 
and a nulrilionatly modified gut-microbiota strongly supports 
the idea that changes across a whole range of metabolic 
pathways are the product of extended genome perturbations 
that can be oriented using probiotic supplementation, and 
which may play a role in host metabolic health. Bipardte 
network analysis highlights the metabolic flexibility of the gut 
microbiota, whereby bacterial strains communicate with each 
other to metabolize differently bile acids in a gut microbial 
ecosystem modulated with probiotics. In this case, probiotic 
consumption exerted a modification over the microbiome 
resulting in different hepatic influx and efflux of fatty acids in 
the liver, as observed with increased entero hepatic recycling of 
bile acids and dietary fats, lowered plasma lipoprotein levels 
and stimulated glycolysis. Probiotics also induced a different 
microbial proteolytic activity as well as modulation of 
bacterial metabolisin of amino acids, methylamines and 
SCFAs. We showed the novel application of H-PCA as a means 
to study perturbation of metabolic profiles triggered by 
symbiodc microbiota at a 'global system' level by analyzing 
several metabolite pools simultaneously from different bio- 
fluids and tissues. These integrated system investigations 
demonstrate the potential of metabolic profiling as a top-down 
systems biology driver for investigating the mechanistic basis 
of probiotic action and the therapeutic surveillance of the gut 
microbial activity related to dietary supplementation of 
probiotics and their health consequences. 
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Materials and methods 
Animal handling procedure 

All animal sludies were carried oul uai\er .i|i|imprinlo t).itioii.il 
guidelines at the Nestle Research Ccnler (Liusanni!, Swii/.crl.nul]. 
The HBF Is constiluled of a total of seven liacicrial slrains. Isolaled 
from stool of a 20-day-oid female bahy thai was nalurally delivered and 
breast-fed, namely £. coli, B. breve and li. tonmn, S. epitlvnnitiis and 
S. aureus, C perfrinsens and Baaeroldes tlimxaniii. Bacterial cell 
mixtures contain approximately 10'"eells/ni! for each simin and were 
Itept in frozen aliquols unttf use. Lactobacilltn! paracasai NCCa4fiI and 
L. rliamnostts NCC4007 prohiotics wen.' obtained from the Nestle 
Culture Collection tLausanne, Switzerland). 

A total of 28 female germ-free mice (C3H siraln), aged 5 weeks, 
received a single dose of HBF bacteria mixture and will be called HUr 
mice in the current manuscript. The experimental design Is detailed in 
Supplementary Figure 2. The animals were fed with a standard 
pathogen-free rodent diet constituted of 50% cornstarch, 20% casein, 
10% sucrose, 7% soybean oil, 5% cellulose, 0.25% choline bltarlrnlc, 
0.3% cystineand vitamin and mineral mixtures (Reeves ctai 1993) far 
2 weelis. A control group of HBF mice (n= ID) received a saline drink 
ad fi/jffum containing Man, RogosaandSharpe(MRS) culture medium 
and was fed with a basal mix diet containing in compositlnn 2.5% ofa 
glucose-lactose mixture (1.25% each) for 2 additional weeks. Two 
groups of HBF mice were given a daily prohiolic supplement, either 
L. paracasei [group A, n=9) or L. rhamnosns [group D, /i=9), 
containing around 10° probiotic bacteria In MRS per day mixed with 
the saline solution ad libitum and were also fed with tlie basal mix diet . 

Fecal pellets were firet collected in the morning for microbiological 
analysis and frozen at ~aO°C for NMR speclroscoplc analysis. Urine 
was then collected from animals prior lo euthanasia and frozen al 
-80°C. Urine samples were not obtained for every animal, as some 
mice had an empty bladder at the lime of killing (group A, fi=8; group 
B, rj=S; group C, n=8j. Blood (400 (il) was collected Into Li-heparin 
tubes and plasma was obtained after centrlfugallon and frozen al 
-sec. The ileum and liver were dissected and snap-frozen. Ileal flush 
samples were obtained by rinsing the ileal lumen using a 1 ml sterile 
syringe containing a phosphate buffer solution (0.2 M NuzHPOJ 
0.04 M NaHzPO^, pH 7.4) for UPLC-MS analysis. Cecal content was 
collecled upon animal autopsy, snap-frozen immediiitely and main- 
tained at -80°C prior to analysis. 



Microbial profiling of fecal contents 

Immediately after collection, fecal pellets were homogenized In O.S ml 
Ringer solution (Oxoid, UK) supplemented with 0.0596 (w/v) 
L-Cystein (HCl). The enumeration of specific microorganisms was 
performed after plating and incubation of different dilutions of the 
bacterial solution on selective and semlselectlve media, for example. 
Bifidobacteria an Eugom Tbmato medium, Lactobacillus on 
MRS -f antibiotic (phosphomycine, sulfamethoxazole, trimethoprim) 
medium, C. perfrihsens on NN-agar medium, fin/Grnbocterinceae on 
Drigalski medium and Baaewides on Shaedler Neo Vanco medium. 
Enferofjacterioceae cultures were Incubated at ifC under aerobic 
conditions for 24 h, and other cultures were incubated under anaerobic 
conditions over a 48 h period. 



Gas-chromatography on cecal content 

An aliquot of cecal content was extracted with 4 ml buffer (0.1 % (w/v) 
HgClj and 1% (v/v) H3PO4 supplemented with 0.04Smg/ml 2,2- 
dimethylhutyric add (as internal standard) per gram fresh weight. The 
resulting slurry was centrifuged for 30min at 5000 g at 4°C. Fecal 
SCFAs were analyzed using a gas-chromatograph (HP 6890) equipped 
with a flame ionization detector and a DB-FFAP column (J&W 
Scientific, MSP Friedii & Co, Switzerland) of 30m length, S30pm 
diameter and 1 (im film thickness . The system was run with helium gas 
at an inlet constant pressure of 10 psi at 180°C. Each sample run was 
preceded with a cleaning Injeclion of 1,2% formic acid. Samples were 
run at an initial temperature of SD'C for 1 .2 min followed by heating to 
WS-C in 6.S min, heating to 200°C in 0.55 min and an additional 



0.5 nnn at 2on"C. SCFAs wem idenlifieil u.-iing external sland.inis 
(.icel.ile, prnplonalu, isivhiityraiL'. H-biiiyr,ile. Iso-valerale, n-valerak") 
and lite cunceniratlun was calctilnlLHl using the internal standard. 



NMR spectroscopic analysis 

A volume uf lOOjil of blood pl.i.sina was .ulited to 4.'iO(d of saline 
.lolullnn conUiIiiing 10% DiO, which w.is used .is ,1 speclromeler field 
frequency lock, into 5 mm NMIl lubes. Urine samples were prepared 
by mixing 20 pi of samples wiih 30 pi of a phosphate buffer solution 
comalning 50% DjO and 0.25 mM 3-lrinielhylsllyl-l-|2.2,3,3--H4| 
propionaie (TSP), which w.is used as chemical shift reference (6 0.0), 
inlo 1.7 mm NMR lubes. Fetnl pelleis wltc homogenized in 650 pi of a 
phosphaie buffer solution containing 'JO'Xi 0,0 nnd 0.25 mM TSP. The 
fecal samples were sonicated for 30 min al 2S"C and then centrifuged al 
IBOOOr.p.ni. for 20 min to remove p,iriicuInics.Tliesupcrnalaiils were 
removed and cenlrifuged at 1 3 000 r.p.m. for 10 min, A SBO pi aliciuolof 
the fL'cal supernalant was Ihen pipetdnl inlo a 5 mm NMR tube for 
spcclrnscnpic analysis. Pari inns oriiil.icl liversamples (~ IS nig) were 
bathed in Ice-cold 0.9% saline 0,0 sniiilion and packed inlo a 
xircunliim oxide 4 mm outer riiaineti-rrnlor. 

NMli spectra were acquired for cich sample using a 13ruker DRX 
GOO NMR spectrometer [Rhelnsletlen, Germany] operating at 
500.11MHz for 'H. The instrument was equipped wlih a Bruker 
Smm TXI triple resonance probe m.iini,iined al 298 K for liquid 
samples and a standard Bruker high-resaluilon MAS probe under 
magic-anele-spinning conditions al a spin rale of SOODHz for Intact 
tissues (Watere et al, 2000). Tissue samples were regulated at 283 K to 
minimize biochemical degradalion, 

One-dlmenslonal (ID)^H NMR .spectra were obtained from each 
sample using a standard solvent suppression pulse sequence (RD-gO"- 
t l-gO''-tm-90"-acquire FID) with t,„ fixed at 100 ms and t] at 3 ps (Wang 
ei uf, 2005). Additional spin echo Carr-Purcell-Melboom-Gill (CPMG) 
spectra were acquired for plasma and liver samples using the pulse 
sequence (RD-90"-(t-180''-t)n-acqulre FID), with a spin-spin relaxation 
delay, 2nT, of IGO ms for plasma and 200 ms for tissue (Meiboom and 
Gill. 1958), The 90" pul.se length was 9,0-1 2 ps. A tola! of 128 
transients were collected into 321( data points with a recycle delay (RD) 
of 2s. The assignment of llie 'H t^fMR spectral peaks to specific 
metabollles was achieved based on the literature (Nichoison ei al, 
1995; Fan, 199S), and confirmed by 2D correlation SpectroscopY 
[COSY) (Hurd, 1990) and TOtal Correlation SpectroscopY (TOCSY) 
(Bax and Davis, 1985). 2D NMR spectra were acquired on selected 
samples. Further assignment of the melabolites was also accomplished 
with the use of Stalistical Total Correlation SpectroscopY [STOCSY) on 
ID spectra {Cloarec et al, 2005a). 



UPLC-MS methods 

The Ultra Performance™ liquid chromatography of ileal flushes was 
performed on a ACQUITY UPLC system (Waters, Milford, MA, USA) 
equipped with a Tor LCT-Premier [Waters MS Technolo^es, 
Manchester, UK) for mass detection using the method we described 
previously [Martin etal, 2007a}. The same conditions were applied for 
analysis of the following bile acid standards: cholic (CA), taurachotic 
(TCA), glycDcholic (GCA), deoxycholic (DCA), taurodeoxycholic 
(TDCA). glycodeoxychollc (GDCA), dienodeoxychoiic [CDCA), taur- 
oclienodeoxycholic (TCDCA), glycochenodeoxycholic (GCDCA). 
lithocholic (LCA), taurolithocholic (TICA), glycolithocholic [GLCA), 
ursodeoxycholic [UDCA), tauroursodeoxycholic (TUDCA), glycourso- 
deoxycholic (GUDCA). hyocholic (HCA). a-muricholic [oMCA), 
p-muricholic (PMCA), ta-muricholic (wMCA), tauro-p-murichoUc 
(TPMCA) and Uuro-a-muricholic (TaMCA) acids. We have previously 
given the molecular structure, the retention Ume and the mass to 
charge ratio (and not the molecular weight as published previously) of 
the observed ions. Unconjugated bile acids formed a formate adduct. 



Data analysis 

Microbial counts and SCFAs composition in the cecum were analyzed 
using a two-tailed Mann- Whitney test. 
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'H NMR spectra were corrected niiiiuially foi- pli.i.so .mil h.iSL'liin? 
distorlion and referenced to the cliemic.il sliifl of llic CI I., rL'son.incf of 
alanine ai 5 1.466 Cor plasma and liver saiii)ik's. lit llu* 'YS\' rvson.mci; 
of alanine at 6 0.0 for urine and fecal saiuplus usiiij! XwinNMIl 3.5 
(Bruker Biospin, Rheinstetten, Germany). The .s|)L'ctr.i werL" convened 
into 22K data points over the range of fi 0.2-l(i.t) iisinij m iii-liuiise 
developed MATLAB routine. The regluns cunl.iining llio water 
resonance (8 4.5-5.19], and for uiine urea resonance (B 4,S-&.2), 
were removed. Chemical shift intensities were norninliyiNi to liie sum 
of all intensities within the specified range before chcmomelric 
analysis. 

UPLC-MS dala were processed using the IVIIcruni.iss l^/larkerLynx'" 
applications manager Version 4.0 {Waters Corp. IWilford, USA). Tlie 
peaks of bile acids were identified by comparing the m/z ratio and 
retention time to the set of standard bile acids measured under the 
same conditions. Data were noise-reduced In bath of llie UPLC and IVtS 
domains using MarkerLynx standard routines. Integration of tite 
UPLC-MS bile add pealts was performed using ApexTVacia'". Each 
peak integral was expressed as a ratio to the sum nf integrals of the 21 
measured bile acids. 

The multivariate pattern recognition techniques used in tliis study 
were based on PGA [Wold et al, 19B7]. H-PCA (Wcslerhuis et al, 1998) 
and the orthogonal-prajection to latent stniclure lO-PLS) {TVygg and 
Wold, 21)03). PGA was carried out using the 5IIVICA-P 11 software 
CUmetrtcs, UmeS, Sweden) In order to detect the presence of inherent 
similarities between metabolic profilBs. Dnih NMR and LC-MS 
variables were subjected to Pareto scaling, by dividing each variable 
by the square root of its standard deviation. Data were visualized by 
means of principal component scores and loadings plots. Each point in 
the scores plot represents an individual biochemical profile of a 
sample, whereas on the loadings plot each coordinate represents a 
single NMR spectral region or LC-MS retention lime and mass to 
charge ratio (m/z). Because the scores and loadings plots are 
complementary, biochemical components responsible for the differ- 
ences between samples detected ill flie scores piol can be extracted 
from the corresponding loadings plot. 

0-PLS-DA was also carried out using the method developed by Trygg 
et al (TVygg and Wold, 2003) and Implemented for NMR spectral data 
by Cloarec et al {ZOOSh) to exclusively focus on the effects of probiotic 
supplementation. All 0-PLS-DA models were constructed using one 
predictive and two orthogunal components using data scaled to unit 
variance (i.e. by dividing each variable by its standard deviation). 
Here, the lest for the significance of the Pearson product-moment 
correlation coefficient was used to calculate the cut-off value of the 
correlation coefficionts at the level of P<0.05. To test the validity of 
the model against over-filting, the cross-validation parameter 
was computed and the standard seven-fold cross validation method 
was used (Cloarec et al, 2a05b). The interpretation of the model was 
achieved from correlation coefficient plots that incorporated a back- 
transformation method such that the coefficients resembled the 
original structure of tlie NMI^ spectral data (Cioarec et al, 20Q5b). 

H-PCA methods have been proposed in the recent literature to 
improve the interpretability of multiple models [Weslerhuis et al, 
199B] generated from several blocks of descriptor variables measured 
on the same objects (Bergman el al, 199B; Lundstedt et al, 1998; Janne 
el al, 2001}. The dala are divided into well-defined togical blocks XI, 
XH (where the index B refers to each biosample type), according to 
an event, instrumentation or biological compartment. A consensus 
direction among all the blocks is sought. Here, logical blocks were 
defined according to the biological nature of the samples obtained 
from the same animals (Figure 3). Hence, five independent blocks of 
variables were comprised of NMR data from plasma, liver, urine and 
fecal extracts as well as bile acids composition obtained by UPLC-MS. 
PCA was performed on each data matrix individually, and block 
loadings and scores t|, were generated for each block [Figures). All 
block scores tb were then combined into a super block T. The PC^A [H- 
PCA) was then applied to the super block T to generate the super scores 
trand the super loadings pr. The super scores ty gives the relationships 
between the observations and all the sources of variations. The 
super loadings pr gives the relative importance of the different blocks 
XB for each principal component as well as hiformation on the 
relatio nshlp/covariance between the different variables in the dif feienl 
compartments. 



Bipartite graph representation of bile acid and 
fecal flora profiles 

The biiinrllle araph (Rgraplisviz) pack.ige fioni K was used la display 
ilie correl.ilinn matrix derived from bile acid .mil fecal flora profiles to 
assess the prnbiotic-induced changes lu ihe niicrobial-maiiimalian 
traiisgenomic interactions [Pigure 5). Pearaoa's correlation coeffi- 
cients were computed between bile .icid Viiriables and fecal flora 
variables from the same mice and a ciit-off value of 0.5 was applied la 
the absolute value of tile coeffieieiil |r) so that the blpiirtiie graph only 
represents the cnrreialions between the two lype.'i of nodes (fecal flora 
and bile .icids) above the cul-off (Mariin et nf, 2a07a). Tlie sign of the 
initial correlation was then color coded (rcil: negative, blue: positive) , 
and the caneialion value displayed on the bipartite graph. In that 
context, presence of edges between two specific nodes (one of each 
type) reveals a functional correlation (above the cut-off) between these 
entitle.i. 



Supplementary Information 

Supplementary Information is available at the Molecular Systems 
Bialogi' website [www.nature.com/msb). 
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The lower genital tract iiiicrobiota in relation 
to cytokine-, SLPI- and endotoxin levels: application of 
checkerboard DNA-DNA hybridization (CDH) 
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Nikoliiiidunik N. Aiulcrscli U. fuben E, .Slrombcck L, MiiUsbv-B:ill?.er I. The [ovwr gcnilii) 
miaolmiui iii iciiiiutn to cyiokmu-. SLPI- iind L'lidoloxin levels: iipnliciitioii ol' cliLTkerboiird DNA- 
DNA hybri(h>.;ilioii (CDH). APMIS 2()().S;1 16:263-77. 

In Che prescnl .suiily ihc lower gcniliil tnici microbiotn in iisymptoniiilit: Icrlilc women (n=34) was iden- 
tified nnd qiininined by euliiiring viigiiuil secretions. Also, vngimil and ccrvienl Siimplcs were ;iniily?ed by 
a scmiqunnlUiilivcL-heckcrbonrd DNA-DNA hybridization technique (CDHJ bnsed on genomic pi-ob« 
prepared Iroin 13 biiclcriiil species {ZJfHVm^/f/t.v m-w/iv/nw, Escherichia aili, Fusahucteriiintmwlcatiim, 
Ccirdnerelh ni,miicilus. Mohihiiicm- airikii curlisU. hcvotdh bivk,. Prcvotelhulisiens, Prcvoiella uwt- 
ttmiKi^mvu. A topahhini wigiiicie. Lac.iohiicilhis iiicrx, Suiphyhcoccus atimix ss mimix, Stivplococctix cum- 
iiwsus. and Slrepioaiccus a^ulm iiae). The bnctcrial species found bv eilhcr cullure or CDH were corrc- 
laledwith protnllammaiory cytokincs(IL-Ia, 1L-I(1, !L-fi, [L-8J. secretory ieukocylc protease inhibitor 
tSLPl), and endotoxin in the ecrvicovaginal sample.-;. Grading ihc women into healthy, intermediate, or 
bacterial vagmosis (BVJ as based on Gram staining of vaginal smears, the viable counts oriactobacilli 
(i. gasscn) and of strcpiococci-slaphylococei combined were highest in the intermediate group, in BV. 
particularly the high concentrations q[' Acthumiycex umgciiUalix. AiopoMitm vagimic. and Pcptampliihix 
Uam were noted t^U)' per mij. The total viable counts correlated with both cervical JL-la and IL- 1 p. 
A .strong negative correlaiioii was observed bclvvecn L mm- and lolal viable counts G \v\iinalis or 
cervical I L- la, while it correlated positively with SLPI. Analysis of vaginal and cervical samples from 
-b out or the .-.4 women by CDH showed that anaerobic bacteria were more rreqiiently detected by CDH 
compared to culture. By this method. A. correlated with G. msinalis. and L. iners with 5. 'aureus. 

With regard to cytokines, B. jWi'/Ztuv correlated with both cervical iind vaginal IL-!aas well as with 
cervical IL-8. while F. nucleaiuni. S. agakictkie, S. wigiiioxux, or S. ff/vmu' correlated witli vaginal IL-ia. 
l-urthermoie. all Gram-negative bacteria taken together, as measured by CDH. correlated with vauinal 
endotoxin and inverselywith vaginal SLPI. The significance of the i-esults is discussed. In summary, map- 
ping ofthc identity and quantity ofvaginal bacterial species and their association with locally produced 
host innate immune factors will help in defining various types ofabnormal vaginal microbiota, develop- 
ing new ways of a.s,ses.sing the risk of ascending subclinical infections, and in Heating them. CDH appears 
to be i\ suitable tool for future analyses oflarge numbers ofciinical samples with an extended number of 
bacteruil probes. 
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Bacterial vayiiiosis (BV) is one of Ihe most 
common disorders in gynecologic, obstciric. 
sexiuiliy iransiniticd disctisc practices, und 
health care control clinics. The rrequcncy of" HV 
has been shown to vary between 7-3(1'!';, Je|icnd- 
ing on the palicnl group studied. This Viminal 
syndrome is a contliiion where the norniiil 
L(7c7o/w£7Y/i/,v-predoniinnnt microbiotn is re- 
placed by Lin overgrowth ol" anaerobic bacteria. 
The most I'requent bacteria isolated Irom 
women with BY include Ganlnere/la vdiiiinilis. 
Mohtkmcus. Bticicrokk'x. Pivvafc/hi species, 
MycophiMiia lioiiiiiiis. Pcpfoniplii/iis nmtcrdhisis 
and other Gram-positive anaerobic cocci (1,2). 
The underlying cause of BV is not known. It has 
been suggested that in some women hormonal 
changes during the first part of the menstrual 
cycle could have a role in the pathogenesis of 
BV (3). Sexual behavior may be important in 
the development oFBV (4, 5). 

BV is associated with an increased risk of 
gynecologic complications, including pelvic in- 
flammatory disease, postoperative and post- 
abortal infection of the upper genital tract, cer- 
vicitis, and possibly cervical intraepithelial neo- 
plasia (6-1 OJ. In fact, some P. hivia strains have 
been shown to express a quite strong intracellu- 
lar invasion capacity of cervix epithelial cells, 
which may have consequences for theii- ability 
to spread to the upper genital tract (1 1 J. Several 
population studies have demonstrated that BV 
is associated with an increased risk of HIV ac- 
quisition and transmission (12-14). The obstet- 
ric risk of BV incltides spontaneous early preg- 
nancy loss, spontaneous preterm premature 
rupture of membranes, spontaneous preterm 
labor, spontaneous preterm delivery, chor- 
ioEminionitis and postpartum endometritis (15- 
20). Vaginal colonization of anaerobes, includ- 
mg Prevo/ella hivia, Peptostreptococcits itnaero- 
hiux. Fusobcicterium micleatum, Ureaplasma iire- 
alyiicwih Mycoplasma hominis and Mobiluncus 
species, has been strongly associated with pre- 
term labor and preterm birth (17). Since many 
BV-associated bacteria have been found within 
the amnion and fetal membranes of women de- 
livering prematurely (15, 21). tliis provides 
strong indirect evidence that microbial invasion 
of the aimiiotic cavity results primarily from the 
ascent of microbes from the vagina. 

The diagnosis of BV is based on clinical symp- 
toms (Amsels criteria) or Grani-stiimed vaginal 



smears (Niigein's score). However, il has also 
been shown that there are intermediate con- 
ditions according to Nugent scoring which may 
constitute a risk faclor in pregnancy (16, 22). 
Thus, more inibnnalion regarding the appear- 
ance and numbers of various bacterial species in 
Ihe normal and disturbed vaginal microbiola 
and their relation to antimicrobial and inllam- 
matory host defense factors is needed in order to 
define abnormal vaginal microbiota and identify 
risk factors for an ascending infection. 

BV or an abnormal vaginal microbiota results 
in an inllamniatory response characierized by an 
increased release of cytokines such as IL-Ira/p 
and lL-8 in the lower genital tract (23-25). This 
release of cytokines is not necessarily ac- 
companied by an inllammatory cellular re- 
sponse. In fact. BV is characterized by the ab- 
sence of clinical inllammatory signs. In addition 
to cytokines, antimicrobial factors such as defen- 
sins and iactoferrin may contribute to the host 
response in BV (26). Vaginal secretory leukopro- 
tease inhibitor (SLPI), which is a serine protease 
inhibitor expressing antibacterial-, antiviral- and 
antifungal activities, was shown to be reduced in 
women with BV (27-33). SLPI is produced by 
epithelial cells of mucosal surfaces, macrophages 
and neutrophils (34, 35). As SLPI has been 
shown 10 inhibit HIY-1 infection in vitro (36) it 
has been suggested that reduced levels of SLPI 
during a genital tract infection (BV, sexually 
transmitted diseases) may also increase suscepti- 
bility to contracting HIV-1 infection (37). 

The aim of the present study was to analyze 
the lower genital tract microbiota in healthy fer- 
tile women by identification and quantification 
of all morphologically different colonies ap- 
pearing upon culturing vaginal secretion. Also, 
a semiquantitative checkerboard DNA-DNA 
hybridization technique (13 chosen bacterial 
species), CDH, not requiring prior culture was 
applied and compared with the culture results 
(38). The concentration of various bacterial spe- 
cies as analyzed with both metliods was related 
to endotoxin, proinflamraatoi^ mediators (IL- 
1, lL-6 and IL-S), and SLPI in v"dginal secretion 
and cervical mucus. 

MATERIALS AND METHODS 
Study group 

The study group consisted of 37 healthy non-preg- 
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n;ini women iigcti 22 5\ vlmis (nK';in (,SD}-3'J (S) 
yc;ii-s). All were consjculivc (uUpjiiionis who i'or 
gynecologic licallli cure cniiiro! or conlriiceptive ml- 
vice had allendctf ihe Dcp;ii ltiieiu ol' Obstclrics anil 
Gynecology, Ostra llospiial. Golhcabitrg. Swetlcii. 
In ihe present sludy. oral consent had been obtained 
and Ihe same physician examined eiieh paticnl. fiie 
cxaininiilion included vaginal speculum exploration 
and binianuiil palpation of iticriis and jidiicxji. All 
women had a regular mcnslrnal cycle. None of them 
had received any antibiotics or vaginal medication 
during the previous 3 months, or had any gynecolog- 
ic disea.ses or coniplaint,s. The pelvic exinniiialion lor 
each of the,se women was normal. Fourteen women 
vvt;rc taking oral contraceptives, 15) women were non- 
users of eonlruceplion, and 4 women had an intra- 
uterine device. 

.Specimens were obtained during speculum c.vami- 
naiion of the vagina before any other vaginal c.\ami- 
nalion. Care was taken lo avoid contact with the ex- 
ternal genitalia and other sources of conlaminnlion. 
Sterile cotton swab.s (SARSTEDT. Sweden) were 
used for talcing material from the posterior vaginal 
fornix for Gram-staining smears, culture, CDH, 
SLPI- and cytokine analyses. Cervical secretion was 
obtitmed by cytobrush fMedscand Medical. Sweden), 
which was inserted into the cervical channel and 
turned around. The cyiobrush was used for CDH-, 
SLPi-, and cytokine analyses. Two separate samples 
were collected for culture of bacteria and CDH. The 
lirst cotton swab was designated for baclcriologica! 
processing and was placed in Amies transport media 
(Sarsledt AB, Sweden). The .second swab and the 
cytobrush were placed in the separate sterile centri- 
luge tubes for CDH. The specimens were trunsporied 
to the research laboratory within 2 h and the cultuni 
procedtire was started immediately. The swab and the 
cytobrush were submerged in I ml of sterile distilled 
water and shaken for 1 h at 4''C followed by vor- 
Icxing. The stispension was ccntrifugcd at 12,000 g 
for 20 min at 4°C fHettich Zcntrifiigen, GmbH, Ger- 
many], The supernaiaiu was transferred to another 
tube for further analysis of SLPI and cytokines. Half 
a ml of sterile super-Q water wjls added to the pellet. 
Both irellets and supernatiinls were stored frozen 
at -70°C. Vaginal specimens from 34 of the 37 
women were collected for quantitative culture, and 
within this group 26 random samples of each of the 
vaginal and cervical secretions were u.sed for CDH 
analysis. 

Vaginal smears were pncpared and Gram stained 
using safranin. Each slide was scored as described by 
Ntigent et al. (39). A score of 3 was considered lo 
denote heaJthy microbiota, more than 3 but less than 
7 intermediate microbioUi, and 7-BV. Accoi-dingly, 
the study population of 37 women was divided into 
3 group-i: normal grade (n=2{)). intermediate grade 
(n=10), and BV (n=7}. Within the CDH analysis 
group the corresponding numbers of patients were 
11.9, and 6, respectively. 



tfli'iilijiivliini iiiul qtunilijiciilioit nf luifluriti 

The cntlon swabs conlaining approximately H)') |.il 
of vaginal sucretion were jilaccd into 1 ml oxygen- 
reduced l).0() M NaCl sterile solution f40) mul mixed 

vigorously on a vortex mixer for 3 ,i min until the 

sample was completely dispersed. 10 .serial lO-fold di- 
lutions were prepared. Aliijuols (10 til) of all the di- 
lutions were plated onto Columbia agar (Difco) 
supplemented with 5% horse blood. MRS agar (The 
Oxoid Manual, filh Edition 19(30), and chocolate 
agar. Sets of plates were incubated acrobically, in 3% 
CO,, and an.ierohically (Whitley Anaerobic Cabinet, 
Don Whillcv .Scicnlilic Ltd., Shipley, West Yorkshire, 
Rnglandhvilh 10% I I,, 5'^;>C0. and 8.^% gas mix- 
lure for 72 h at 37°C. 

All colony types were counted, isolated, and char- 
acterized by morphologic features, hemoIy.sis pat- 
tern, and Gram slain morphologic features. When 
the .same organism mis recovered from different 
plates, the highest count was tmcd for determination 
of the final concentration. Concentrations of bacteria 
were expressed as cfu/ml of vaginal .secretion {cotton 
swab). The isolated bacteria were cultured for coiti- 
panilive sludy on different media and conditions. 
Biochemically, idcnlillcation was made using the API 
Rapid 1D32STREP, Rapid ID32A. 1D32STAPH. 
1D32E, API ZYM, API Corync, AP150CHL, ID32C 
according lo the manuliiciurcr's instructions (API 
BioMcricux, France). These systems idcntilied 
Siaphyhcacciix, Strcplococois and related organisms, 
coryneform bacteria, EiUernlmctcriacetic and other 
non-fastidious Gram-negative rods, the genus Lacto- 
bacillus, and yeasts. Poiyacrylaniide ge! clcctro- 
phorcsi.s (PAGE) analysis of wholc-ccll proteins was 
pcrforincd (41), For dcnsitomclric analysis, normal- 
ization and inlerprelatioii of protein patterns, the 
GelCompar 4.1 software package (Applied Maths 
Gent, Belgium) was used. Anaerobic bacteria were 
furthermore subjected to fatty acid analysis using llie 
MIDI specilications. Some of the difficult bacterial 
isolates were identified by DNA sequencing. The 16S 
rRNA genes of the isolates were amplified by PCR 
and directly sequenced using the Big dye terminator 
cycle sequencing kit (Applied Biosystems Foster City, 
USA) and an automatic DNA sequencer (model 310, 
Applied Biosystems). 

CDH 

Bacterial strains were cultured for the preparation 
of DNA templates (Table 1). Whole genomic DNA 
probes were prepared from 13 bacterial species as- 
sociated with the vaginal microbiota [Atopobitim vag- 
inae (A,v), Bactaraides ureolyticm (B.u), Escherichia 
I'oli (E.c), Fusoimvteriiim mivleanim (F.n), Pievoiella 
bivia (P.b), Prevatella disiens (P.d), Prevotella niel- 
minogemt a (Rm), GurdiiereUa vaginalis (G.v), Mobi- 
hmcus cunisii ss cunisH (M.c), Staphylococcus aureus 
ss aureus (S.a), Streptococcus aiiginosiis (Str.an), 
Streplococciis agalactiae (Str.ag), Lactobacillus iiiers 
(L.i)]. The selection was partly based on the bacterial 
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TABLE I. liuriirUil struilis miul for ilw dcvchpntrnl 



Burrcroidcs uveitlyliais 


4Ai)Hm T 




Esclicrkhki ri)li 


2m[) T 


11775 


Fusohuvlmimi 






ntii'katuiu 


329Sy I' 


25iiSfi 


PrcwH'llu hiviti 


y557 T 


29303 


Prcviilclla tlisictis 


'J55S T 


2y42fi 


PrcYOlalht 






nwkimimgeitka 


4'J44 T 


25fl45 


Ganliwrelhi vagimiUs 


3717 T 


14018 


Mohihtuats ciiriisii ss 






curiixii 


2I()IRT 


3524! 


Slaphylaanrus emrmix ss 






aureus 


ISOOT 


12600 


Strqmcocats agakwiiae 


42()S T 


13813 


StreplociJtrtis cnigiiiostix 


2729S T 


12395 


Aiupohiuin vaginae 


43049 




Laclohacillus inerx 


28746 T 





" Culture Colleclion, Uiiivcrsily of Golhenburg. 
American Type Culture Collection, 



TABLE 2. Coniparixaii of t/w concentration of five 
Imclerial strciinx in five vaginal xaniples hy cu/niring 
and CDfl umilyxix 





Culturing 
CFU/ml 


CDH score* 


L. inerx 
A. vaginae 
G. viiginalix 
S. cnireiix 
S. agalucfiac 


1.6X10'^ 
1.5x10" 
8.4X10'" 
LOXIO-' 
LCXIO^ 


5(>m 
5(>I0'') 
5{>10''') 
2(-105) 

1 {<m 



* Scoro, sec text. 



species identified in the 37 women (Tabic 3). The 
strains were cultured on Columbia agar supple- 
mented with 5% horse blood and chocolate agar 
plates at 37 °C under aerobic and anaerobic con- 
ditions for 24-72 h. 

The bacteria were harvested from plates and dis- 
persed in Tris-EDTA bulTer {\{\ mM Tris HCl, 1.0 
mM EDTA, pH 7.6) [TE). Tlie bacterial suspension 
was centriliiged at 10 000 g for 10 rain, and the pelicl 
was resuspended in TE buffer. A series of two-fold 
dilutions was made and OD at 610 nm was measured 
in four to five different dilutions. The number of bac- 
teria was estimated using a fliirker chanibei'. A stan- 
dard curve was plotted for each bacterial strain. A 
bacterial .slock .solution was made for each strain 



with a conceiitriition of 2x 10'* hacteria/nil. This .solu- 
tion was used for making siandiird hictcrial mixtures 
ill a concontnition of 10* and 10'^' bacteria/ml in TE 
btilfer/O.S M NiiOM {1:1 v/v) for each species. These 
mi.xlurcs were u.sed in the DNA-DNA hybridiziilion. 

OA'.'! preparation aiul lalK'ling Whole genomic bac- 
terial DNA wa.s piepiiretl iiccordinu to the Currenl 
Protocols of Molecular Biology (.ioiin Wiley & .Sons, 
Inc.. 2000) with sonic modiliciitions by Smith et al. 
(42). DNA was labeled with digcvigenin using "DIG- 
High Prime" (Roche. Germany). The labeling pro- 
cedure wjis performed according to the manufac- 
lurei's protocol. The probes were sloi'ed at +4°C un- 
til u.sed, 

l-IybridiziJiiait. The method was a modilied version of 
the one described by Soeransky et al. for denial 
plaque samples (3(S). 'flic modifications consisted of 
a high stringency buffer and the following steps for 
the antibody react ton(43). 

The chcmilumincsccnce signals were obtained by 
exposure of the membranes lo an X-ray lllm. A semi- 
quanlilalivc estimation was based on visual compari- 
.soii with the baclcria mi.vttirc canlaining 10^ and 10^' 
of each species per ml accoi'ding to I'apapanou ct al. 
(44). The quality of the DIG-Uibclcd probes was 
tested and standardized by running different concen- 
trations of DNA probes against the homologous bac- 
terial strain and the pool. The probes were found to 
be specific and allowed a .semiquantitative estimation 
of bacteria (Fig. la & b). A u-cak cross-reaction be- 
tween P. hivia and P. dixienx, and between S. gaiac- 
liae probe and S. angimmtx, was noted. 

Thus, ()=no reaction, l=revvci- than 10^ bacteria. 
2=10'. 3=morc than 10^ but fewer than 10^', 4= JO'', 
and 5=morc than 10'''. Each membrane contained 
positive (bacteria! standards) and negative (without 
DNA) control lanes. 

Analysis of vaginal samples from live women by 
both culture and CDH with respect to five bacterial 
species showed that the semiquantitative estimation 
by CDH agreed with the culture data regarding con- 
centrations (Table 2), 



Cytolcine and SLPl assavs 

The levels of IL-lct, iL-ip, IL-6, and fL-8 in va- 
ginal and cervical secretions were quantified by en- 
zyme-Iinkcd immunosorbent assays (ELISA) based 
on matched anti-human IL-la, IL-ip, IL-6. and IL- 
8 antibody pairs (R&D Systems Europe Ltd., UK). 
SLPl was based on a monoclonal antibody and bi- 
otinylaicd polyclonal antibodies directed against hu- 
man SLPl. Recombinant SLPl was used as standard 
(RitD Systems, Abingdon, UlC). Optical density 
measurements were performed using the Eniaxpreci- 
sion microplate reader (Molecular Devices Corpor- 
ation, CA, USA). All samples were i-un in duplicate 
diluted 1:5, l;20 and 1:100. The intcr-assay variation 
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cd<i;LLii±;_iQ;Q:Q:ds 



CD CO CD 
« W CO 





iii- 






10' 








10^ 








A.V tO« 
IC 


film 






EC ^(fi 








10» 








F.nA 10' 








10^ 








F.nB 10» 








10= 








L 1 10S 
















P.b l(y 








10' 








P.d 10* 
10' 








P.m -lO" 








IQs 






G.V W 








tti- 








M.C 10' 


i ■ 






10= 









S.Ang IC- 



rains''' ^' sP'-'cificity of the labeled probes was tested with homologous bacterial strtiins at concentrations 
of 10- and )()'' bacteria/mi. The reaction intensity against two heterologous bacterial strains (B.ii B and F.tt BJ is 
also shown. Tlie poo! contained all species Included in the analysis (probes added to the wells in 3-25 nl). 



was calculated at < m[u based on analysis ofseveral 
samples on three separate occasions. 

Eiufoloxin cm-ay 

The endotoxin content of the vaginal and cervical 
secretions was determined by endpoint Limulus ame- 
bocyte iysate test, Endochronie (Charles River Endo- 
safe, SC. USA), The analysis was performed accoid- 
ing to the manufacturers manual, All samples were 
diluted 1:100 and run in duplicate. The limit for de- 
tection was 0.6 EU/ml (corresponding to 60 pg/ml) 
with respect to dilution of the sample. 



Stati'slicx 

Spearman's rank correlation test and Kruskal- 
Wallis with Dunn's multiple comparison tests were 
performed. 



RESULTS 

Culture 

Bacterial species in vaginal secretions. The 
numbers of bacterial species found in vaginal 
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TABLE 3. All bacu'rhil spvt-h'.s i'tmuUu mf-liitil JliiUl of 37 wiiiiiai. niiiii-nof the niiitviiiniliiiii (CFUtiiil) ami 
pm-etiicigc oj'ihv lotul iiiiiithcr ofheu-lmu urv lixlcd tix w ell cix ilu; inunhvv ofmiiDCii niriyiiiii itic species 



c '■ 




L'fu/ml. rnnge 


'' TT i 

" ii lolril CI 11 per siiniplc. 


Number 






'""-"^ .._ 


ol VVQlTlCn 


AcliiiDinycL's iiciiii ss iicuif 




<0,(l! 0.1 


3 


A ctinomyccs uni;^etiiialis 


10'- 


31.3 


1 


Aenu'nirtix christeiisaiii 




n.s 


1 


A iiaerovoL-ais prv.volU 


ND 




1 


A lopobiiiiii vagiiiiie 


1.15x11)"' RX1()I' 


2.3 34.S 


3 


Bavicrokjps untolyiiais 


ND 




1 


Brevihai-icrium 


10-' 


<U.01 


1 


Candidu itlhicaits 


1,5X|OMX|0' 


<0.01 23.1 


6 


Cciiulula ulabralit 


3.7X10" 


0.5 


1 


Coiynehacterhmi aniycolcittiiii 




<0.01 


1 


Coryiwhai terium coylctie 


2X10^ 


<0.01 


1 


Coryuebaclerhim minuiissmitmi 




<0.01 


! 


Carynehdcltriuiii se/iiiiwlc 


10'' 


0.01 


1 


Euterococciis faemlis 


5xhP-1()'" 


<U0 1-93.8 


3 


Esvlieridiia call 


I.8X1(K'~6XI0» 


<0.01-5.6 


2 


I'lisobaclerhiiii 


6X10' 


O.fi 


1 


GavdiicreUti vaginalis 


yxio-'-ixio'- 


n.oi-Kio 


14 


Lcwtobacilhis coleolioiiiinis 


2.25XH)MxlO" 


0,4-0.8 


2 


Lactohadllus m'spaltis 


10^-5x10" 


12.8-100 


8 


Lcu robacilliis jiicisseri 


10^-10" 


<0.0l-IO0 


14 


Lactohctdllus iiwrs 


9XlO-''-5xUl'" 


1 3.3- 100 


12 


Lcwtithadlh ts jeiisenil 


M)''- 1.3X10" 


<0, 01-86.7 


4 


Laclobactlliis plaittariirn 


IC 


<0.01 


1 


Lcwiohadlliis reitleii 


sxic" 


<0.0I 


2 


Laclobacilhis vlummosus 


I.3XK)^'-1.2XU)' 


<0.0 1-0.03 


2 


Laciobadllm vaginalis 


10"- 1.2X10' 


<0.01 


4 


Mkromonuslikc 


5X10^* 


0.5 


1 


Mnbiliiiwtis luuliaris 




0.02 


1 


Pep 1 01 liphihis osaccharolyliim 


2.6x10^ 


<0.0I 


I 


Pep ivnipli iliis liarei 


2x10" 


6.3 


1 


Pcpiosireplococcits-Iike 


8.5x10^ 


2.1 


1 


Prevolelki hiicalis 


I.SXIO"* 


0.1 


1 


Prevfliclla disieiis 


2X10*' 


<0.0I 


1 


Staphylococcus aureus ss aureus 


10^-2 X 10' 






Slapliylo coccus epiderinldis 


lO'-lO' 


<o!oi 


4 


Slapliylo coccus liaemolyticus 


10' 


<0.0I 


1 


Stapliylocacxus homiitis ss liomittis 


2X10' 


<0.01 


1 


Siapliytococcus warned 


lo^-exio-* 


<0.0] 


2 


Sircplacoccus agalactiae 


1Q'-2.8X10''' 


<0.01-97.9 


6 


Streptoca ecus mgimsus 


5.5X103-2X10" 


<00I-I.8 


6 


Streptococcus intertnecihts 


10' 


0.4 


1 


Streptococcus salivarius 


exic 


<0.0I 


1 



ND=nol determined. 



secretions of the 37 women are listed in Table 3. 
A total of 19 genera were detected. In addition, 
C. alhicam and C glabrata were isolated. The 
total number of bacteria ( CFU) per ml of secre- 
tion ranged from 10'' to 10^-. of which the 
highest concenti'ations, i.e. 10'^, were found for 
A. iirogeniralis and G. vaginalis. Several Lacto- 



badihis species as well as P. harei and A. vaginae 
were found in concentrations just below this 
limit. Tiie most frequent species were G. va- 
ginalis, L. gasseri. L, iners, and L. crispatus. 
Subsequently, the four most conuuon Lacto- 
hadllus species were the three above mentioned 
in addition to L. yCT?jrem7 {Table 3). Although L. 
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mgimi lis was us frcqiienl us /.. iimciiii il coiisli- 
lutcd less ihan 0.01% of ihe Kitiil concciuration 
of bacteria. 

Nimihcr of bacteria in refan'on lo Nui^i-nt xcariiif^. 
ami other bact ma. Tlie mftlian iiumhoi s of bac- 
teria were found in all three groups divided ac- 
cording to Nugenl ycore ( 1. 6x ]()''. 3.0X10"' 
and 5.1 X 10" CFU/ml) (Fig. 2A). A correlalion 
was foimd between lota) bacterial eouiil and 
Nugent score {r=0.3962, y'=n.0204). 

The median values of the total number of 
lactobacilli per ml of vaginal secretion were 
S.5xi0^ in the normal group, 1.3x10'" in the 
mtermediate group, and < 10-' in BV (Fig. 2B). 

Streptococci (5. tmgintmis, S. agalactkie. S. 
iiirennedhis; and 5. salivariiisl and staphylo- 
cocci {S. aureus. S. wameri. S. epk/ermitfis, S. 



hfiiiiiiii.w S. hacniofviiais) I ogcl her occurred with 
I he highest fretiuency in the inlermcdiate group 
(80';^.) {Fig. 2C). Albo, the intermediate group 
diiVered .signilicantly from the normal group. 

The median nuttiber of G. vagiiuilix was less 
than 1X10-^ CFU per ml in the normal group, 
1X10^ in Ihe intemediate uroup, and 5X10" in 
BV (Fig. 2D). Only (lie BV group differed sig- 
nilicanlly from the normal group (/^<0.001). A 
strong correlation was found between G. va- 
ginalis and Nugent score (r=0.6S0S, P<0.0001 ). 

With regard to an aysociation of G. vaginalis 
with other baciei"ial sj^ecies, a .strong negative 
correlation was seen between G. vaginalis mid L. 
iiwrs, and a weaker correlation for L crispaliis 
{Tabic 4). Despite being the most frequent 
Lactohacilhis species, no correlation was found 
between L. gasseri and Cr. vagimtUs. In fact. L. 



13- 
_ 12- 
^ 11 
O 10 
S 9-1 
? 8 

7- 



0-3 4-6 s7 

Nugent score 



Litcfobacilli Q 

p < 0.01 



Nugent score 



p< Q.QQ1 



— " Sf U-J (J-tj >7 

Nugent score Nugent score 

SmWn^SSS ^CFU/ml). C) streptococci and staphvlococci 

conibincd (CFU/m ), and D} G. mgnwlis fCFU/ml) isolated from vaginal secretion with respect to Nugent scoring 
fmcdian values ind.catedj f Kruskal-Wallis with Dunn's multiple comparison test). ^ 
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TABLR 4. C, 


^t't't'ftitit)ti hc'iuvcn (j ^ 




crispiiiLis. L. 




ftttf hictiihtivtlh 


G, vcif^iiniUs I'.v 


' 'spii'iniriii 






correkiLroi). 
/• 




L titers 


-0.473.1 


<).{MH7 




ns 




L. crispariis 


-(U48y 


0,(H31 


Toial lacLobiic 


illi -(USAA 





gassei-i was ihe niosl iibundunt LuciohcivUhis 
species in the intermediate group (6 oui of 8 
women) (Fig 2Bj. Furthermore, a negative cor- 
relation was found between L. mcrx and lolal 
bacterial count (r=-0.56I5. /■'=0.0006} (not 
shown). 

Correlation Imween conventniikms of bacteria, 
with IL-Iaip-, IL-6-, IL-S-. SLPl~, or I'lidn toxin 
levels. In the cervical secretions, both IL-la and 
IL-I |3 were significantly correlated with the total 
number of bacteria (Table 5j. 

L. iiters showed an inverted correltition with 
cervical IL-la, while L. gasxeri and staphylo- 
cocci were positively correlated with cervical 
IL- I p. In addition, both cervical and vaginal 
IL-8 correlated positively with staphylococci. 
All aerobic bacteria together (ESclm-ia coli, 
Streptococcm sp., Staphylococcus sp,, Enteroc- 
ocaix fciecalis, Carynehacterium sp.. BrevWacter- 
ium-\\kc, Aerncoccus chrislensmit) also corre- 
lated with cervical IL-S. IL-6 was detected only 
in a few women, thus giving no correlation. 



As opposed lo cervical IL-h/.. cervical SLPI 
correlated po.silivcly with L.iners (Table 5). 

Endotoxin in cervical .secretion was associ- 
ated with /„ ;^a.\'SL'ri, aerobic bacteria, and GBS. 

CDH 

Scmiqituiititutiw aitalysis of I J bacterial sfie- 
t'/c'.v. An example ol' a membrane with 12 va- 
ginal and cervical samples is shown in Fig. 3. 
The membrane shows that patients no. 2. 5, 9, 
and 10 all had high numbers of G. vaginalis 
(G.v). The cervical concentrations of G. va~ 
Siiialis were higher compared to those of vaginal 
samples in all except no. 10, High concen- 
trations ol" .-1 vaginae wcYs also seen in patients 
no, 9 and 10 with regard to both vaginal and 
cervical secretions. P. hivia was present only in 
patient no, 9. Only patient no. 9 was m aded as 
BY. 

Overall, the frequencies of wojiien with any 
of the 13 bacterial species were higher by CDH 
than culture, except for £. coli (Fig. 4). 

Cimccntration of bacteria in relation to Nugent 
scoring. Six of the eight typical BV-associated 
bacteria were correlated with Nugent score 
(Table 6). Four of the six bacterial species where 
cervical samples were compared still correlated 
with Nugent score. 

Bacterial patterns of cervical and vaginal G. va- 
ginalis, P. bivia, F. nucleatum and L. iners with 
regard to the other 12 bacterial species. With re- 



TABLE 5. Correlation between c/iiantitative cultiir 


c of vaginal samples and iL-lcflB-, IL-8- 


-, SLPI-, and endotoxin 




/evL'ls in either 


vaginal or vervi 


cell samples 




Bacterial spp. 


Sampling site 


Cytokine, 


Spearman 


P value 






endotoxin or 


correlation. 








SLPI 






CFU/g 


Cervix 


IL-la 


0.4165 


0.0343 




Cervix 


IL-ip 


0.4890 


0.0112 


L. iners 


Cervix 


IL-la 


-0.4733 


0.0047 




Cervix 


SLPJ 


0.5735 


0.0066 


L gasscri 


Cervix 


IL-ip 


0.3997 


0.0431 




Cervix 


endotoxin 


0.6362 


0.0005 


Staphylococc/ spp. 


Cervbt 


IL-lp 


0.4345 


0.0266 




Cervix 


IL-8 


0.4118 


0.0366 




Vagina 


IL-8 


0.4584 


0.0095 


S. agalactiae 


Cervix 


endotoxin 


0.4073 


0.0389 


Aerobic bacterial .spp 


Cervix 


fL-S 


0.4942 


0.0103 




Cervix 


cndoioxin 


0.4585 


0.0185 
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Probes 



111 



ml- 




Ff^. S. CDH incmbrane sliciwing ilie cliL-miiiinii- 
nesuencc intensUy of 12 vagina! (v) and cervical (c) 
.samples orwoiiicn graclec! acuoalinti to Nugcnl's srar- 
ing system using 12 prolws (£c=£nj//, P.in =P mcl- 
aiiiiiojfciiiaj, P.h-=P. blvia, P.(l=P. dmciis, a\'=G. va- 
giiuiliX M.c=-- iVl. airlisii. Slapli. ei=S. aifma\ Sir. ai;= 
S. agalautiac, S(r. (iii=S. ciiismmis, A.v=A. vagiiwe, 
L.i=L. iiwrs). A sUindurci pool of each btiL-terial spe- 
cies in an amount ol 10" and lO^Ls al.so incliicled (pool 
10. pool \[V). Semiquaniiiativc eslimalion as de- 
scribed in Maierialand Mciliods. 

gard to cervical bacteria. G. vasinah's corrciated 
with A. vaginae and P. hivia witli P. disiem and 
B. ttreolyticus (Table 7). F. mideimim wis as- 
sociated with S. aureus and S. anginosns. The 
only Lactobacillus species analyzed, L. inerx, 
correlated vvitli 5. aureus. 

Vaginal G. vagimilis. P. Imia and F, nucleat- 
um were all significantly correlated with the five 
bacterial species: A. vaginae, M. currisii. B. ure- 
olyticus. P. disiem- and P. melaninogenica (Table 




F/,!,'. 4. Dislrilnilioii (%) of 13 baclcrial species in va- 
einal sccrelion ininlyzcd by CDH orciilunc (sec legend 
10 Fig. 3 for abbreviations). 



S). in itddilion. G. vagituilis was significiintiy as- 
sociated witii P. I)ivia. Furthermore, F. imcleat- 
uiii was also corrciated with 5. aunm\ S. ang- 
immis, S. agalaciiue and L iiters. 

Corrc'lationx of liuctcvial species wiili IL-Iaip, 
[L-6, IL-fi, SLPI, or ciuiotoxin. Analysis of cor- 
relations between tlie 13 bacterial species and 
tlie cylokiney showed that in both cervix and 
vagina B. iireolyiicus corielaled witli IL-ky,, 
while a correlation was observed only in cervix 
with regiird to fL-S (Table 9), hi addition, va- 
ginal E iiucleuiuiii, S. agaiactiae, S. angino.su.'! 
and S. iuirim showed correlations with cervical 
IL-Ia. The only correlation witli IL-I P was seen 
with cervical G, vaginalis. An inverse correlation 
was found between M. curnsii and JL-la in cer- 
vical fluid. 

With regard to total Gram-negative bacteria 
in vagina] samples, SLPl showed a negative cor- 
relation and endotoxin a positive correlation 
(Table 9). 



DISCUSSION 

BV is a condition where the normal Lacwhacil- 
Aw-dominated biota is displaced by anaerobic 
bacteria. Although some of the most predomi- 
nant bacterial species in asymptomatic women 
witli BV are G. vaginalis and Frevotelki sp., we 
have shown that other less known species such 
as A. urageiiitalis. A, vaginae, and P. liarei occur 
in concentrations exceeding 10" CFQ/ml va- 
ginal secretion. Our results confirm the strong 
association of A. vaginae with BV (45, 46). A. 
vaginae has been implicated as a cause of salpin- 
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TABLE 6. Correlulioti hr/uvrn iHirhriul .sinrir.s drirnniiwil hy CDH ami Nuprin sa>ro (Spcnrnwi rank ivirv- 
. hiliiin) 



Bacterial species 
i'.v Nugent score 


No. 1)1" \VL>I11CI1 

iiii<ii)'sal 
11 


Viigiiiiil llutil 




Ccrvicnl IliiiJ 






P viiluc 




P VJllLlC 


P. hivia 


2h 


().56'J3 


().(H)2-) 


0,5055 


0.02.11) 


P. disiens 


22 




n,l«l()4 


0.5097 


0.04.17 


P. luvlmiinoseiiwa 


21 


().W4f! 


().I)()I2 




G. vagiualLs 


26 


().5K55 


mm 


O.WS? 


0.01)24 


M. ciirrisli 


2fi 


().dKS2 


D.OOOl 


ns 


A. mnitiae 


22 


().63«() 


0.1)014 


0.6439 


0.0071 



TABLE 7. Coireliilifiii hcinran Imcicrki in vnrvkal secmmis us itmisumi by CPU 



Bacterial 


Corrchnion Spcarmfin 




/' value 




species 


with cori-eliuion. 








G. vaginalis 


A. vaginae 0.6451 




0.007 




P. hivia 


P. tlisicns ().t)R8'J 




<0.00()i 






B. iirealyticux 0.5408 




0.1)138 




F. luicleatuni 


S. ansiiimiis O.VOO'J 




0.0025 






.S. aunm 0.5710 




0.0209 




L inerx 


5. aumm (1.736(1 




0.0012 




TABLE 8, Correlation o f bacteria in vusinul sccrelioitx t 


is mcusurcd hv CDH 




Bncierial species 


Corrcliition with 


Corrcliilion with 


P value 






Sncarmun eoiTClalion, r 




G. vagiitalis 


A. vaginae 


0.6567 




0.009 




M. curtixri 


0.7061 




0.0002 




B. ureolvlicus 


0.4461 




0.0223 




P. (lixieits 


0.5964 




0.0034 




P. nickiiiinogcnica 


0.7062 




0.0002 




P. hivia 


0.5279 




0.0056 


P. hivia 


A. vaginae 


0.4675 




0.02S3 




M, vurlisii 


0.6972 




<0,0001 




B. iireoiylicux 


0.6123 




0.0009 




P. disietts 


0.67B2 




0.0005 




P. tnelaimogciiica 


0.5217 




0.0128 


F. nttdealtini 


A. vaginae 


0.5061 




0.0163 




M. ainisii 


0.4968 




0.0187 




B. nreolylicus 


0.5610 




0.0066 




P, disiens 


0.7172 




0.0002 




P. inelaiiitiogait'ca 


0.4775 




0.0246 




S. aureus 


0.7397 




<0.0001 




S. attginosus 


0.4744 




0.0257 




S. agalactiae 


0.4476 




0.0367 




L. iners 


0.4647 




0.0293 


L. t'tiers 


S, aureus 


0.7091 




0.0002 




S. ungiuosus 


0.6125 




0.0024 




S. agalactiae 


0.6167 




0.00^2 
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gitis and liibovuriim iibscesscs (^17. 4S). !n 
coidance with our resulls, our most rcLvnlly 
cluiracterizL'd species A. uro^n'iiitalis wa.s also 
observed in a IW palicnt by I'CR (49. 50), while 
this is the lirsl icpnrl on iho conccniralion ol" 
tEiis biictcrium. The presLMico and iimotuu nl' P. 
Iiarei in BV lias nol been reporlej bcibre. The 
very Itii-ge nitinbera of iliese Ihrec fastidious bac- 
terial species may Iiave lelevuiicc for the ireat- 
nient efficiency of ]W. It is known for instance 
that A. vcigiinic is rcsistmu to nicironidazole (45. 
5L 52). In general, the cure rate for BV at 4 
weeks post treainiem is eslimaled not to exceed 
60-70% respecting bolh metronidiizole and clin- 
daraycin (d3}. Tliis low cure nite indiciiles lliat 
women with recurrent BV may l^neiit from a 
inore detailed analysis of their cervicovaginal 
bacterial patterns. 

Our findings confirm the correlation between 
Nugent score and total bacteria! count, G. vu- 
ginalis, or total anaerobes (54). By CDH analy- 
sis, correhitions were established between Nug- 
ent score and six out of the eight I3V-associated 
bacteria included in the CDH. Correialioiis 
were also found between seven of these an- 
aerobes. By CDH. fewer correlations were, how- 
ever, found in cervical compared with vaginal 
samples. This may indicate that the host innate 
defense more strongly antagonizes the coloniza- 
tion of bacteria in the cervical canal. Overall, 
fewer correlations were found by culture than 
by CDH with regard to the eight BV-associated 
bacteria due to the low rate of positive cultures. 

The correlations between the BV-associated 
bacteria measured by CDH were compatible 
with the correlations obtained with the Nugent 
score, except for K nucleatum and B. urenlyi- 
I'ciis. K inic/eimim correlated with S. euimis, S. 
cmginosus, S. agalacfiae. and L iiiers, indicating 
an association with the intermediate and nor- 
mal grades of Nugent score. It may help to ex- 
plain the seemingly contradictory correlations 
of endotoxin with bacterial counts of £. gasseii 
and S. agakiakie (Table 5), since these bacteria 
were mostly presented within the intermediate 
grade and culture appeared to underestimate 
obligate anaerobic Gmm-negatlve bacteria. In- 
deed, Gram-negative bacteria analyzed by CDH 
and taken together showed a correlation with 
the eadotoxin in vaginal Quid. 

Our results for B. iireolytiais and F. iiudeat- 
um are in agreement with the report by Hillier 



cl al. (1). "fhcy observed an inverse relatinn of 
10 liV-assiiciated bacterial species lo vaginal 
colonization of H.O^-producing lactobacilli ex- 
cept for these iwo bacterial species, fl, iiri'ulyt- 
/df/.v has been suggested to be a commensal of 
the lowei- genital tract of both men and women 
(4). Furthermore, these two species are also 
common isolates in occult amniotic lluid infec- 
tion with intact fetal membranes (21). 

The most frequent bacterial species were L 
gnsscii, G. vngiiuilix and L iimrx. The intermedi- 
ate grade was characterized by the highest fre- 
quency and numbers of L gtmrii and streplo- 
cocci/staphylococci, Among the women with 
this grade, L gasmi as well as streptococci or 
G. vaghiiilis occurred as the dominating vaginal 
species of the total bacterial count. Several 
women with a Nugent score of 6 appeared lo 
have high concentrations of G. vaginalix, some 
in combination with high numbers o\'A. vaginae 
(Fig. 3). The intermediate grade has been re- 
garded as being a transition phase either leading 
lo BV or returning lo a normal grade (54, 55). 
Our lindings suggest, liowever. that tliis grade 
includes various bacterial patterns, one of 
which may be a transition phase, while others 
may be entities of their own. Our culture results 
are better rellected by the scoring of Gram- 
stained vaginal smears according to Ison & Hay, 
since they included two more categories as com- 
pared to Nugent scoring, one of which was de- 
fined by high concentrations of stieplococci or 
staphylococci (56). The occurrence of i.. gasseri, 
G. vaginalis or streptococci as the predomi- 
nating species in women graded as intermediate 
according to Nugent scoring indicates that the 
method is inadequate for defining entities which 
are not BV or typical Lactobacillim-dommated 
biota, 

A more vaginitis-like condition has been re- 
ported that was correlated with a bacterial 
microbiota mainly consisting of aerobic bac- 
teria such as group B streptococci, S. aureus, 
and coli (57). G. vaginalis was also observed 
in a fraction of these patients. The term aerobic 
vaginitis was used to describe this grade of ab- 
normal vaginal microbiota in combination with 
syjiiptoms. Our bacterial patterns in the inter- 
mediate grade showed some similarities with 
this aerobic vaginitis-type microbiota, although 
clinical symptoms were lacking. 

Few studies have compared species-specific 
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Laciohaciliits cDunis in nornuil and inlL-nnali- 
iUc giiidifs. iiwvs and cris-patu.s, in Cdiilrasl 
to L. gassvrL were invci'scly coi'rchilcd witii (/. 
vaginalis. FurLhcrmoic. L. gnssai oppi>scii lo 
L. iners is a HiO^-i-irixIucini]; Liictohiidlhis spu'- 
cies. Thus, willi regtird lo Ihc lackinii H^O; pro- 
duction in L. iners, liicio secni lo be other Ijic- 
toi-s that equally well promote a Lactobacilhis- 
dominated vaginal microbiota. Another inler- 
pretEitioii is Uiai H.O2 k less imporlani for sus- 
taining a Lflc/fj/jcavY/iM-dominateJ microbiolii 
(5S). The finding of A, i-asmx L inciw, L. ais- 
patus, and L. jvnsL-nii as ihe prctlominiilinji 
lactobiicilli among asymplomalic women is in 
agreement with the findings of others (59, 60). 

A Foul smell with clinical symploms ol' in- 
nammiition is the most prominent sign of symp- 
tomatic BY Despite this absence" ol' inllani- 
mation, BV is characterized by increased cyto- 
kine levels or IL-I and IL-S, but not IL-6 {23, 
24, fil ). In lact, our finding of a correlation be- 
tween total CFU and cervical I L-Ioy'P could be 
interpreted as though the lL-1 levels are a 
consequence of the vaginal bacterial load in the 
non-injJanimatory condition, escalating the 
alert status of the host (Tiible 5). The corre- 
lation between G. vaginalis, as analyzed by 
CDH. and IL-I, is thus an expected Iinding. As 
reported by Donders et al., women with vagin- 
itis carrying mainly bacteria such as S. numis, 
group B streptococci, and E, ca/i expressed 
higher vaginal IL-l levels than either norma! 
women or women with BV (57). In our study, 
both culture and CDH indicated that staphylo- 
cocci and streptococci may stimulate increased 
cytokine secretion (IL-l and IL-8) in asympto- 
matic healthy women (TabJes 5 & 9). B. ureoivt- 



iai.s and /•', nnrlvdiiini, as anaiy/ctl by C'Dl l, 
ctuTctatcd with vaginal IL-I. B. nm/lyrirtis wah 
also associated wilh cervical IL-la and IL-H. 
The vaginal presence ol" these two strains has 
heon reported to be associated with preterm de- 
livery, iimniotic lliiid infcciion or elevated IL-fi 
levels in the amniotic lluid (17. 62). It appears 
thai microbial patterns or single bacterial spe- 
cies, ijicluding several strict anaerobic Gram- 
negative bacteria, need to be related to Ihe 
grade ol' clinical and laboratory inflammatory 
signs in order to clarify whether there arc di.s- 
tincl entities ol" abnormal vaginal microbiota 
leading to somewhat dilTcrent host responses, 
especially respecting intrauterine subclinical in- 
fection in pregnant women. 

A factor that could influence growth of bac- 
teria in the genital tract is SLPl, since it expresses 
antimicrobial activity (31, 33). Of the four most 
common Lacttil}aci!hi.v species, a correlation was 
only established between inerx and cervical 
SLPl. By CDH analysis, an inverted correlation 
was obtained between vaginal Gram-negalive 
bacteria and SLPl. These results suggest that the 
secretion of SLPl is affected by both the nmnber 
and type of bacteria, it is plausible thai as SLPl 
expresses antibacterial activity it becomes bound 
lo bacteria and thereby "consumed" by high bac- 
terial concentrations, consequently decreasing 
the levels in vaginal secretion. Alternative expla- 
nations could be microbial degradation of SLPl 
as well as dov/n regulation by the host in response 
to a disturbed vaginal microbiota. Our results are 
in agreement with the findings of Draper et al. 
(27), showing a reduction of vaginal SLPl in 
women with BV. The mechanism for this re- 
lationship between bacteria and host innate re- 



TABLE 9. Caireiation between vaginal / cervical bacteriu, as meusitred b 
. emUnoxin. and SLPl 



' CDH, and the levels of cytokines, 



B. ureolyticus 


cervical 


IL-la 


0.4985 


0.0253 




cervical 


IL-S 


0.4871 


0.0394 




vaginal 


IL-la 


0.4514 


0.0268 


F. nudecKim 


vaginal 
vaginal 


IL-la 


0.4994 


0.0250 


all Gnini ncg. 


SLPl 


-0.5795 


0.0299 




cervical 


endotoxin 


0.4467 


0.0483 


A/, airtisii 


cervical 


IL-la 


-0.5507 


0.0119 


G. vaginalis 


cervical 


IL-I 


0.4615 


0.0405 


S. agcdactiae 


vaginal 


- IL-la 


0.5536 


0.0113 


S. anginosns 


vagina! 


IL-Ia 


(J.5S46 


0.0068 


S. aureus 


vaginal 


IL-ltx 


0.4667 


0.0380 
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spouses is ol" inicrcsl. espcchiily since hulli HV 
and SLIM have been Liiscusscd in tiie contc,\( of 
HIV infection. BV iiKrcascs llio siiscL'ptihilily ici 
MIV; while high levels of SLPl hiwc been siig- 
gesled to rcLluce the risk of contracting MIV { 12, 
14.37.63). 

Concerning ihe CDH rcsiills, the coneliilioiis 
obtained Lietween bacteriii and cylokincH, endo- 
toxin, or SLPl did deviate sonievvhul IVom lluxse 
obtained by culture. One explannlion is I hat 
more samples containing anaerobic bacteria 
\wre identified with tliis method. In addition, 
somewhat fewer palient.s were analyzed by 
CDH and the CDH analyses were not lilriiled, 
meaning that samples e.xceeding 10" bueleria 
were given the same values. 

By CDH, it seems possible to semiquantita- 
tively analyze vaginal and cervical samples of 
patients with i-espect to many fastidious and 
strictly anaerobic bacteria. It thus appears (hat 
CDH is a suitable tool for future studies on 
various patient groups with the aim of quantify- 
ing 30-40 separate bacteria! specie.? without the 
laborious task of culture and identilication. 
Such a clinical group may be women with recur- 
rent BV, where knowledge of the vaginal bac- 
teriologic status could be helpful when deciding 
on adequate antibiotic treatment. By analysis of 
cervicovaginal specimens witii CDH, the in- 
herited bias of culture due to suboptimal media 
for various bacterial species can be avoided. 
Likewise, the effect on viability of sometimes 
long periods in transport medium before the 
samples reach the laboratory would be of less 
importance for the analysis. 

BV is associated with upper genital tract in- 
lections, spontaneous preterm delivery, spon- 
taneous abortion, and increased susceptibility 
to HIV and other STDs. More information 
about the quantitative composition and pat- 
terns of microorganisms of tiie vagina and their 
relationship to the local host infiammatory re- 
sponse couJd help our understanding of the 
mechanism(s) leading to disturbed vaginal 
microbiota. subclinical ascending infections, 
and reduced resistance to STDs. By defining a 
risk group of women on the basis of bacteriol- 
ogic diagnosis and host immune factors, anti- 
biotic treatment could be made more specific, 
possibly increasing the cure rate in women with 
a disturbed vaginal microbiota. 



flu- iuiiliors iirc gniiefiil (o Dr. Viuwa N. rnpiipamni 
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provided by the Swedisli Stale iiiulor the LLIA iigree- 
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Summary 

Our aim was to assess aiili-inflammatory effects on the peripheral blood of 
subjects with inflammatory bowel disease (IBD) who consumed probiotic 
yogurt for 1 month. We studied 20 healthy controls and 20 subjects with IBD, 
15 of whom had Crohn's disease and five with ulcerative colitis. All the sub- 
jects consumed lactobadUus rhamnosiis GR-1 and L mtleri RC-14 supple- 
mented yogurt for 30 days. The presence of putative regulatory T (T„[,) cells 
(CD4^ CD25'"R'') and cytokines in T cells, monocytes and dendritic cells (DC) 
was determined by flow cytometry from peripheral blood before and after 
treatment, with or without ex vivo stimulation. Serum and faecal cytokine 
concentrations were determined by enzyme-linked immunosorbent assays. 
The proportion of CD4+ CD25'"fi' T cells increased significantly (P = 0-007) in 
IBD patients, mean (95% confidence interval: CI) 0-84% (95% CI 0-55-1-12) 
before and 1-25% (95% CI 0-97-1 -54) after treatment, but non-significantly in 
controls. The basal proportion of tumour necrosis factor (TNF)-(X*/ 
interleukin (rL)-12+ monocytes and myeloid DC decreased in both subject 
groups, but of stimulated cells only in IBD patients. Also serum IL-12 con- 
centrations and proportions of IL-2+ and CDGS'-T cells from stimulated cells 
decreased in IBD patients. The increase in CD4+ CD25'''s'' T cells correlated 
with the decrease in the percentage of TNF-a- or rL-12-producing monocytes 
and DC. The effect of the probiotic yogurt was confirmed by a follow-up study 
in which subjects consumed the yogurt without the probiotic organisms. 
Probiotic yogurt intake was associated with significant anti-inflammatory 
effects that paralleled the expansion of peripheral pool of putative Tr,^ cells in 
IBD patients and with few effects in controls. 

Keywoids: anti-inflammatory, inflammatory bowel disease, probiotics 



Introduction 

There is evidence to suggest that probiotic bacteria may have, 
in a species- or even strain-dependent manner, a potential 
use as anti-Inflammatory agents in some duronic iiiflamma- 
tory diseases [1,2]. The most promising clinical results have 
been obtained in the prevention and management of atopic 
eczema and the management of inflammatory bowel disease 
(IBD) and post-operative pouchitis [3,4]. On the basis of 
experimental data, the anti-mflammatory effects of pro- 
biotics may be a consequence of antagonism against poten- 
tially pathogenic/proinflammatory endogenous microbiota; 
modulation of the balance between T helper I (Thl), Th2 
and regulatory T (Tn,,.) cells; down-regulation of proinflam- 
matory [e.g. interleukin (IL)-12, tumour necrosis factor 



(TNF)-al and/or stimulation of anti-inflammatory (e.g. 
IL-10) cytokine production; as well as effects seen such as 
enhanced elimijiation, modified degradation, permeation 
and presentation of proinflammatory antigens [3-5]. 

Data accumulated in the past few years have emphasized 
the central role of T^.^ cells tn the formation and mainte- 
nance of tolerance to mucosally encountered antigens and 
down-regulation of ongoing inflammation [6,7]. Accord- 
ingly, their deficient activity, in contrast to enhanced Thl or 
Th2 action, has been implicated in chronic inflammatory 
conditions, including allergic diseases and IBD [7-9]. Den- 
dritic ceUs (DC) are thought to be die primary regulators in 
determining the balance between the different T cell subtype 
activities in a manner that is dependent upon multiple 
lactors, including tlie DC subtype and local cytokine milieu, 
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with the presence of IL-10 and IL-(2 having parliciilar 
importance fl0-12|. InlcrcslinBly, a rccL-iil sliidy in mite 
demonstrated that prnbiolic buclcriii may cniifbr pmiettioii 
against chemically induced intestinal inllammalion by 
induction of T„„ cells [5|. Whether any pmbiotic strains have 
this ability in humans is unknown, but is feasible based upon 
in vitro data and indirect evidence from clinical studies dem- 
onstrating diat tlie intake of certain probiotics may enhance 
the production of Il-l 0 [13] and tmnsforming growth faclor 
(TGF)-P [14,15] which could, theorclically, promote the 
induction of T,^ cells or be indicative of enhanced T,, func- 
tion [16-18]. 

Tlie aim of the current study was to assess whether intake 
of yogurt supplemented with two probiotic stnuns, Laclobn- 
cillus rhammsus GR-1 and L rmcri RC-14, with docu- 
mented efficacy in controlling mucosiil infections [19] and 
the ability to pass dirough the gnstrointestmal tract alive, 
may promote an anti-inflammatory immunological milieu 
in subjects with active chronic inflammatory conditions, 
namely Crohn's disease or ulcerative colitis. These condi- 
tions are characterized by chronic intestinal inflammation 
that is thought to result from exaggerated efTector T cell 
responses towards endogenous bacterial antigens [9). TTiere 
were two reasons for using a yogurt delivery system. Hr.st, 
patients with chronic inflammation are often receiving a 
range of pharmaceutical agents, some of which have side 
effects including diarrhoea and loss of appetite. Potentially, 
yogurt could provide an excellent nutridonal supplement 
that reduced diarrhoeal problems. Secondly, we wanted to 
test the effect of probiotic yogurt on peripheral immunity as 
a step towards taking diis food to populations that have litde 
access to, and no buying power for the purchase of, pharma- 
ceutical products. One such application is to developing 
countries, and to that end we have established active collabo- 
rations in Tanzania and Nigeria where, in the former case, 
local people have begun to produce the probiotic yogurt 
themselves in order to support the health of their families 
and community (http://www.westernheadscastca). 

Materials and methods 
Subjects 

It should be noted diat die principal aim of this project was 
not to cure IDD or study clinical outcomes, as the aim was to 
determine if any effects arose with a nutritional change that 
did not require any alteration m the standard medical man- 
agement of die patient To that end, no effort was made to 
control for use of steroids, although no subjects received 
antibiotics duruig the study. The study population com- 
prised 20 subjects with IBD and 20 healthy controls with no 
known or suspected intestinal abnormalities. The mean 
age ± standard deviation (s.d.) of IBD patients was 
44 ± 11-7 (range 26-63) years and that of controls 51 ± 64 
(38-61) years. Of the IBD patients. 15 had Crohn's disease, 
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five had ulceralive ciiliiis and all had .subjective .'iynipnims, 
incliiiling liquid or very soft .stools and/nr abdoniiiiul pain, 
indiciitive of active USD. To reduce palienl-to-piiiicnt vart- 
abilily. all the subjects were women. Exclusion criteria 
includeti pregnancy, u.-ic of antibiotics, lactose intolerance 
and premature termination of the study (only three of 23 
healthy stibjcct.-; were excluded due to inability to comply 
with the .study protocol). All subjects were a.sked lo continue 
with their habitual diet but to refrain fr<im taking any other 
yogurt or probiotic supplements 2 weeks before and during 
the study. The patient group did not alter any ongoi iig medi- 
cation being given for dieir IBD. Informed consent was 
obtained from all subjects and UlC study wa.s approved by the 
Review Hoard for Ifealth Sciences Research involving 
Human Subjects, at the University of Western Ontario, 
London, Ontario, Canada. 

Design 

In this open-label study, all subjects consumed 125 g of pro- 
biotic yogurt per day for 30 days. The researchers were 
blinded regarding the .study groups. To rule out the influence 
of yogurt alone, the treatment regimen was repeated in an 
exploratory study using unsupplemented yogurt with a sub- 
population of the same IBD patients (h = 8; six with Crohn's 
disease, two with ulcerative colitis) after a washout period of 
6 month.s. 

The main outcome parameters measured were changes 
in the prevalence of putative T„j cells (CD4* CD25""'') and 
TNF-a- and IL-I2-producing monocytes and DC in 
peripheral blood (PB) during treatment. Secondary 
outcome measures included changes in die presence of T 
cell surface activation markers, serum and faecal cytoldne 
concentrations and ex viva proliferative responses of PB 
mononuclear ceils (PBMC). Individual stool and blood 
samples were collected before (day 0) and after (day 30) the 
treatment period. 

The patients were asked to note in a diary any changes in 
symptoms, including bloating, gas, abdominal pain and 
constipation/loose stools throughout die study as possible 
side effects of the yogurt consumption. 

Preparation of probiotic yogurt 

To prepare a probiotic mother culture, dried L. rhamtwsits 
GR-1 (GR-1) and I. reuted RC-14 {RC-14) were added to 
Man, Rogosa and Sharpe broth (EM Science, Gibbstown, NJ, 
USA) at a rate of 1-5% and grown anaerobicaUy at 37°C 
overnight. Then a mixture of milk (1% fat), 0-33% yeast 
extract and 04% inulin was autoclaved for 15 min, cooled to 
37'*C, and inoculated with the probiotic culture at a rate of 
1% and incubated anaerobicaUy at 37°C overnight 

To prepare probiotic yogurt, a mixture with milk (1% fat) 
and 5% sugar was heat-treated at a7''C for 30 min, cooled to 
37°C, inoculated with 4% of die probiotic motiier culture 
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and 2% of standard plain ydijurt L-cmljiiiiiitjj; L ikltimikii 
btilganais and Slrcplatvcais thvnttapiulm, rcriiifnlwl iil 37"C 
for 6 h and stored at 4°C. After 2 days 1 1% .strawberry lla- 
vouring (Sensient. Rexdale. ON, Omadii) was added and (lie 
yogurts were packa(;ed. Viable counlj; and quality assurance 
was tested at regular intervals. A new batch of yogurt was 
produced every 2 weeks to eiiisure consistency in viable 
counts of probioCic bacteria, especially as tliose of RC-14 
decreased rapidly with time. After 2 weeks at 'VC the total 
counts were consistently at 1 x 10' for RG-N and 2x 10' 
colony-forming units {cfu)/ml for GH-1. No contaminants 
were isolated at any time in the study. 

Analysis of intracellular cytokine production 
Intracellular cytokine detection was performed by flow 
cytometry as described previously, with .some modilicitions 
[20,21]. PB samples in lithium heparin were .supplemented 
one-to-one with RPMl-1640 medium (Invilrogen, Burling- 
ton, ON, Canada), incubated at yj'C in a 5% CO. humidi- 
fied atmospliere with brefeldin A (10 ^ig/ml, Sigma, St Louis, 
MO, USA) in the presence or absence of lipopolysaccharide 
(LPS, lOOng/ml; from Escherichia cali, serotype 055:B5, 
Sigma) plus interferon (IFN)-7 {100 units/ml; R&D Systems, 
Inc., Minneapolis, MN, USA) for stimulation (6 h) of cytok- 
ine production by monocytes and DC; ionomycin {1 (Jig/ml, 
Sigma) plus phorbol 12-myristate 13-acetate (PMA, 25 ng/ 
ml, Sigma) for stimulation (4 h) of cytokine production byT 
cells. For identification of die whole DC population [major 
histocompatibility complex (MHC) ir/Iineage-/CD33"-], 
their highly and intermediately CD33-expressing myeloid 
(CD33"W'. CD33'"'"™') and no or weakly CD33-expressing 
plasmocytoid (CD33-""") subsets and monocytes (MHC IIV 
CD14+/CD33+), PB ceUs were then incubated for 15 min 
at room temperature (RT) with anti-human leucocyte 
antigen D-related (HLA-DR)-Cy-chrome. anti-CD33- 
allophycocyanin (APC) and each of the following fluorescein 
isothiocyanate (FITC)-labelled lineage marker antibodies: 
anti-CD3, anti-CD19, anti-CD56 and anti-CD14 (BD Bio- 
sciences, San Diego, CA, USA). Stained cells were washed 
with phosphate-buffered saline (PBS, pH 7-5) and centrifu- 
gation (5 min at 540 ^), fixed, permeabUized and stained 
witli anti-TNF-a-phycoerythrin (PE, done MAbll) and 
anti-IL-12-PE (CI 1-S) using the Fix & Perm reagent {Caltag, 
Burlingame, CA, USA) following the manufecturer's 
instructions. T cell cytokines were analysed accordingly, but 
the cells were identified with anti-CD3-FITC and their 
cytokines detected with anti-IL-2-PE (clone MQM7H12), 
anti-IFN-y-FE (B27), anti-IL-4-PE (8D4-S) and anti-IL- 
10-PE (JES3-19F1). Data acquisition was performed in two 
consecutive steps with a flow cytometer (FACSCalibur""', 
BD Biosciences). Firet, 30 000 events/test corresponding to 
the whole PB cellulartty were collected for analysis of cytok- 
ines produced by T cells and monocytes. Secondly, only 
events in a HLA-DR7CD37CD19-/CD567CD14- live gate 



were .stored ami a minimum of 300 000 events from the loUil 
V\\ celUilarily were acquired in nrtler to obtain at te:i,sl 1000 
MHC llVliiieage cells fur the analy.sis of cytokines produced 
by DC subsels. CcllQucst'*' soflwiire (HD Hio.scicnces) wa.s 
used for data acqui.sition and analy.sis. Kvpre.sciUalive acqui- 
sition dot plots demonstrating the idcnlificatinn of mono- 
cytes anil DC arc presented in Fig. 1. 

Analysis of T cell surface markers 

For the expression of early activation marker CD69 on T 
cells, RPMI-lfi40 diluted Pli was incubated with or without 
PMA and ionomycin a.s described above, wlierca.s only the 
unstimulated .sample was u.scd for T.^,, cell analy.si.s. The per- 
centage of CD4' CD25' T,,„ celLs are enriched wilhin the 
1-2% of PH CD4* T cells expressing high levcl.s of CD25, 
while the population expres.sing lower levels of CD25 is 
thought to consist mainly of activated effector T cells [22]. 
Thu.s, uHing How cytometry we gated on small lym- 
phocytes and CD4' T cells were subdivided into bright 
(CD4' CD25"'«"/T„„) and intermediate (CD4' CD25V 
activated T cell) populations based on their CD25 expression 
(Fig. 2a). The stimulated and/or un.stimulated samples 
(200 Hi each) were stained with 3 ^il of anti-CD3-FlTC in 
combination with anti-CD69-PE or anti-CD4-FITC plus 
anti-CD25-PE (BD Biosciences) for 15 min at RT. Data were 
acquired with a flow cytometer (30 000 events/test) and 
analysed as described above. 



Enzyme-linked immunosorbent assays (ELISA) 
Faecal extracts were prepared by mixing 3 g of stool with 
3 ml of PBS followed by centrifugation (30-45 min at 
20 000 g) at 4"C and filtration of the supernatant through a 
0-45-(im pore-size filter [23]. Serum samples and faecal 
extract aliquots were stored at-70''C until analysis. Tlie con- 
centrations of TNF-a, IL-12 and IL-10 were measured with 
BD OptElA'^' ELISA sets (BD Biosciences) according to the 
manufacturer's instructions. 



Proliferation assay 

Cell- free extracts (CFE) of RC-14 and GR-1 were prepared 
from capsules containing 1 x 10^ eft] of RC-14 and GR-1 
[24,25], The bacteria were washed twice and suspended in 
PBS (1 ml) and then bead-beaten with 300 mg of zirconium 
beads (O'l mm) (3 min at 2300 g) using a mini-bead beater 
(Biospec Products, Bartlesville, OK, USA). Particulates were 
removed by centrifugation (10 min at 12 000^) and the 
protein concentration in the supernatants (CFE) determined 
with the bicinchoninic acid (BCA) protein assay kit 
(Pierce, Rockford, IL, USA), with bovine serum albumin as 
the protein standard. PBMC were isolated from PB in 
sodium heparin by FicoU-Hypaque (Pharmacia Biotech, 
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Rg- !• Idemification of monocytes ami 
dendritic cells (DC) by flo\v cytometry. A 
representative example of the itientilication of 
monacytes based on the expression of (a) CD3;S 
and (1)) CDt4 antigen, (c) Identiiication of DC 
as a human leucocyte antigen D-rebted 
(HLA-DR)* lineage- [Car, CDSfi", CDM", 
GDI 9") population, (d) After acquiring a higher 
number of cells within Ihe HLA-DR' lineafsc" 
live gate, three different dendritic celi subsets 
were identified on the basis of CD33 
expression: myeloid CD33'*, CD33''""'"' and 
plasmoeytoid CDaS-""". 




10< 10^ 103 id4 
CD3, CD56, CD14, CD19 FITC 



10^ 102 10^ 
HLA-DR Cy-chrome 



Uppsala, Sweden) gradient centrifugation. PBMC (0-5 x 10"/ 
ml) were cultured in RPMI-1640 with 2 mM L-glutamine, 
penicillin (100 U/mJ), streptomycin (lOOHg/ml) and 10% 
fetal bovine serum supplemented with CFE in the presence 
or absence of ionomycin (100 ng/ml) plus PMA (100 ng/ml) 
for 4 days at iJ'C in a 5% CO2 humidified atmospiiere. 
Cultured cells were then incubated fijrther on 96-we!l plates 
(200 ^1/well in triplicate) for4 h at 37°C with 20 111 of 3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyItetrazolium bromide 
(MTT. Sigma) (2-5 mg/ml in PBS) per weU. The plates were 
centrifuged (5min at 500 g) and supernatants were 
removed. Hydrochloric acid (HCL) {0-04 N) in isopropanol 
(100 Hi) was added to each well and absorbance measured at 
575 nm {reference wavelength 650 nm) with a microplate 
reader (Bio-Rad Model 550). 



Statistics 

Statistical analysis was performed widi GraphPad Prism® 
version 4 (GraphPad, Software, Inc., San Diego, CA, USA) 
and StatView® version 4-57 (Abacus Concepts, Inc., Berkeley, 
CA. USA) with the exception of the Exact unconditional test 
for 2 X 2 tables, which was used for comparing frequency of 
symptoms before and after treatment [26]. Changes in 
immunological measurements between two time-points 
within a subject group were compared with the paired two- 
tailed f-test if the data were parametric with or without 
natural logarithmic transformation and by the Wilcoxon 
signed-rank test if the data were nonparametric and non- 
transformable. Differences between subject groups were 



compared with the unpaired two-tailed r-test if the data 
were parametric and with Mann-Whitney [/-test if the data 
were nonparametric and non-transfonnable. Correlations 
between two continuous variables were analysed by Spear- 
man's rank correlation test. P-values < 0-05 were considered 
statistically significant. 



Effect of probiotic yogurt intake on T cells 

The percentage of CD4*- CDZS"*" cells increased significantly 
following treatment widi probiotic yogurt from the 
group mean (95% confidence interval, CI) of 0'84% {95% CI 
0-55-I.12) to 1-25% (95% aO-97-1-54) (P= 0 007,Pig. 2b). 
In controls the response was significandy different (P = 0'03) 
witli little increase from before, 0-69% (95% CI 0-50- 
0-87%95% CI), to after, 0-73% (95% CI 0-59-0-87) the treat- 
ment (P=0-09) (Fig. 2c). Similarly, the change in the 
percentage of CD4^ CD25* T cells was significandy different 
between the groups (J'=0-01} with an increase from 9-1% 
(95% CI 7-2-1 1-0%95% CI) to 11-0% (95% CI 9-S-13-1) 
(P = 0-003, Fig. 2c) in IBD patients and no change from 
before, 6-68% (95% CI 5-78-7-59), to after, 6-47% (95% CI 
5-69-7-24) the treatment in controls (P = 0-36, Fig. 2e). 

In IBD patients, but not in controls, the treatment was 
followed by a reduced percentage of CD3* T ceLs responding 
to polyclonal cx vivo stimulation by production of IL-2. In 
IBD patients the mean percentage of IL-2+ CD3*- T cells was 
42-3% (95% CI 35-4-49-2) before and 38-2% (32-2-44-2%) 
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Fig. 2. (a) A representative example of the 
analysis of CD4* CD25* cells by flow cytonictcr. 
Lymphocytes were gated according to their 
particular small forward-/side-scatler profile 
and the CD4^ CD25''^'' and CD4* CD25* cells 
identified based on the concentration of CD25 
exprcision. (b-e) PercentaEe of CD4* CD23'""'' 
and CD4* CDaS'' cells in peripheral blood 
before (0 day) and after (30 days) probiotic 
yogurt treatment in inflammatory bowel disease 
(IBD) patients and controls. Data are shoxvn as 
box plots with median and 10th, 25 th. 75th and 
90th percentiles. 'Significant {P<0.05) increase 
in CD4* CD25* and CD4+ CD25'*'' cells in IBD 
patients following treatment #The basal [0 day) 
percentage of CD4* CD25+ cells was 
signtBcantly higlicr in IBD patients than in 
controls (P = 0-04). 



iP= 0-03) after the treatment, while the respective values for 
controls were 42-4% (95% CI 36-7-48-0) and 44-4% (95% CI 
39-3^9.4) (P= 0-50), The difference in the change between 
the groups ^^fas not significant (^ = 0-20). No other signifi- 
cant effects were observed in the intracellular cytokine pro- 
duction by CD3+ T ceUs (data not shown). However, the 
percentage of stimulated T ceils expressing CD69 decreased 
in the IBD patients (P= 0-02), but again, not in the control 
group (P=0-77, Rg.3a,b). This difference between the 
groups approached statistical significance (P=o.07). 

Effect of probiotic yogurt intake on monocytes and DC 
The basal proportion (before treatment) of monocytes and 
DC which produced TNF-a or IL-12 was higher in the IBD 



s compared to controls, with some differences reach- 
ing statistical significance (?<0'05; Table 1). The propor- 
tion of monocytes or DC populations in PB per se did not 
change following treatment with probiotic yogurt, whereas 
significant decreases were observed in the percentages of 
unstimulated TNF-a- and IL-12-p reducing monocytes and 
myeloid DC subsets in both IBD patients and controls, as 
summarized in Table 1. In unstimulated and/or stimulated 
plasmocytoid DC subset the production of these cytokines 
was very low or undetectable with no significant changes 
during the treatment (data not shown). Significant correla- 
tions were observed between the change in the proportion of 
T„„ cells (increase) following the treatment and the change 
(decrease) in the proportion of unstimulated TNF-a- 
and IL-12-producing monocytes (p = -0-59, P = 0'01 and 



474 



© 2007 British Society for Immunology, Oinical and Experimental Immunology. 149: 470-479 



(a) 

PMA+IONO: 



IBD(n = 13) 



Anli-inflamnialory effecis of pfobiotic yogurt 
Pjitictil diaries 

Aiiiilysis ul' piUifiit diaries revealed Iwn fuHiiinis. One of 
20 ItilJ patients reporlcd excess inteslinnl gas al the lime of 
rccniilmcnl and six al the end of tlie trcalmenl period 
(P=()-02), while one of 20 rqiortcd subjectively low 
abdominal pain al ihe recruilnicnt and six al the end of tlie 
ircalnienl period (P=0-()2). These laiier six patients had 
sHgniltcantly lower mean (95% CI) fuccal conccntralions of 
lL-12, 9.1 (95% CI 0.65-1 7-5) lhan the remaining IBD 
patients (« = 14), 13-0(95% CI a-9~)7-()) pg/ml (P = 0-04) at 
the end of llie treatment period. No other signifiaint clianges 
or correlations with immunoloBical variables were noted 
regarding the subjective sym])loms. 



Day 

Fig. 3. The percentage of CD3^ CD69+ T cells in peripherat blood 
before (day 0) and after (day 30) probiotic yogurt tteannent in 
inflimmatory bowel disease (IBD) patients and controls with {+) or 
without H ex viva stimulation wth phorbol I2-myristate 13-acetate 
(PMA) and lonomycin. The horizontal bars represent mean values. 

p= -0-58, P = O-OI, respectively) and DC (p = -0-53, P = 0-02 
and p= -0-61, P= 0-008, respectively) (Fig. 4). 



Effect of probiotic yogurt intake on serum and stool 
cytokines 

The serum IL-12 concentration decreased significantly in 
both IBD patients and controls following the intake of pro- 
biotic yogurt, die group mean (95% CI) decreasing from 
51-6 (95% CI 38-4-64-8) to 44-9 (95% CI 34-5-554) pg/ml 
(P=0-02) in IBD patients and from 50-1 (95% CI 41-5- 
58-8) to 46-1 (95% CI 38.9-53-3) pg/ml in controls 
(P=0-03). The concentrations of TNF-a and IL-10 were 
variable in IBD patients and no significant changes were 
observed (data not shown). In controls, the serum concen- 
trations of TNF-a decreased from group mean (95% CI) 
7-6 (95% CI 4-7-10-5) to 5-6 (95% CI 3-4-7-8) pg/ml 
(P= 0-002), whUe the faecal concentrations increased torn 
9-3 (95% CI 3-6-I5-0) to 14-2 (95% CI 5-6-22-9) pg/ml 
(P= 0-006) after treatment 



In vitro proliferative responses of PBMC to CFE of 
RC-14and GR-1 

Addition of RC-14/GR-1 CFE to PBMC cultures induced 
only a marginal increase in proliferation compared to 
iinstinnilated PBMC from healthy conlrols, wliereas it 
appeared to inhibit the PMA + iononiycin-tnduced prolif- 
eration (Fig. 5). Similar results were seen with PBMC from 
IBD patients and controls before and after consumption of 
probiotic yogurt (data not .shown). 

Immunomodulatory properties of unsupplemented 
yogurt 

In the follow-up of eight IBD patients no significant changes 
were observed in the percentage of T.^a cells, activated T cells 
or TNF-a/IL-12-producing monocytes or DC following tlie 
30-day intake of unsupplemented yoguri The lack of 
changes were contrary to the .significant changes diat fol- 
lowed the intake of probiotic yogurt, as indicated in Fig. 6. 

Discussion 

The results of this study demonstrate that the consumption 
of probiotic yogurt can result in an increased proportion of 
putative CD4*CD25^ T^ ceUs (CD4* CD25'*'') in die 
peripheral blood of IBD patients. This effect has not been 
reported previously in humans, although a recent study in a 
mouse colitis model showed that a dried probiotic cocktail 
protected against chemically induced intestinal inflamma- 
tion by die induction of CD4* TGF-P-bearing Tn^, cells [5]. 
Expansion of the peripheral pool of CD4+ CD25'''fi'' cells is 
particularly interesting in light of recent data, suggesting Uiat 
in active Crohn's disease and ulcerative colitis these cells 
have adequate suppressive function, but tlie peripheral pool 
is numerically insufKcient in supplying enough of them to 
die intestinal inflammatory lesions [27|. The expansion of 
peripheral CD4^ CD25^ T,^ cells in IBD patients may there- 
fore have fimdamental importance for promoting and main- 
taining remission. It is noteworthy that the percentages of 
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Table 1 The cx vivo inmcclli.lar pnuliafinn ol luinm.r m-crnsU n,ctor (Tm-a i.ml UuMin 1 lU- 1 2 hy i.nMiim.l.nd ..ul sii,tH.lnk-J p.-riphLr.! 
blood (PB) monocylBi and dcmlritic cdls (DC) Irnn, inlli.n.m.u.ry tHm-l disi-a.sc- (IBD) pali.,,.. ,.,ul connnls i,rf„r..i,d .lie,- lrnm,u-n. with probiotic 



■)(> Oils ill t»l.il ill I'D (niean ± s.e.)/% cKH)kini:-pr<uluciiiB cells (iiu-an ± s.f.) 



Cell type/cytokine 



IIID pmlicntB {h=20) 



Before Ircut men! 



Monocyies 

TNP basal" 

TNPstlmulatcdi' 

IL-12*basa] 

ll-n^ stimulated 
Dendritic cells (all) 

TNP basal 

TNP stimulated 

IL-12* basal 

IL- 12* stimulated 
DC CD33''*'' 

TNP basal 

TNP* stimuJaied 

IL-I2*basal 

IL-12*^ stimulated 
DC CD33'"""^ 

TNP basal 

TNP stimulated 

IL-12* basal 

stimulated 



58- 1 ± 'I 
34 ± 0 



5-9 ± |.7" 
35-9 ± 3-5 



't6'5 ± '1-1 • 
3-0 ± 0-« 

22-fi ± 3^3 
0-2 ± 0.03 
5.4 ± 1-4' 

2i-B±4<i 
3-3 ± 10 

11-9 ±2.5 



K. ±0-5' 
43-7 ± 3-3' 

1-5 ±0.3' 
IW ±2.()> 

((•7 ± O'l 

1-4 i 0-3' 
27-3 ± Z'O' 

M +0.2' 

9-6 ± 

0- 4 ± O-I 

1- 9 ± Q-5' 
42-5 ± 3-5 

1.4 ± ().3 
147 ±2-1 1 

0- 2 * 0-03 

1- 5 ± 0-4' 
22.3 ±3 9 

1-3 ±0.3« 
7-7 ± 1-7' 



3.9 ± 0-4 
1-5 ±0 



507 ± 4-2 
2-1 ± 0-2 

17-3 ± 2-5 
M i 0-1 
2-2 ± 0-3 

2fr« ± 37' 
(•2 ± 0-2 

11-5 ±2-1 

0-4 ± o-ns 

5-0 + 1-2 
33-4 ± 4-0 

2.0 ± 0-4 
KVa±2-l 

0- 3 ± 0-03 
2-2 ± 0-4 

25-1 ± 4-9 

1- 1 ± 0-4 
7-4 ± 1.5 



1-5 ±0 
24 '4 ± 3-4 



• T^J T'* P« <="'»"™ (6h)t "lipopolysaccharide + lFN--^-stimulated PB culture (Sh): 'concentration befare treatment 

significantly different (P <0-05) bom that of otttiuls: 'change sigEiificantly different IP < 0.05) bet^veen IBD patients and controls; 'significant change 
dunng treatment at significance concentration of 5% (P< O-OS): 'significant changu' during treatment at significance concentration of 1 % (P < O-Ol). 



Q -10 
I -15 





ATreg (%-poInts) 



Fig, 4. Correlation betiveen the changes in the 
percentage of putative regulatory T cells (T,^, 
CD4+ CD25'''*' and in the percentage of 
tumour necrosis fiictor (TNF)-a- or tnterleukin 
(IL)-12-produdng dendritic cells (DC) and 
monocytes (MC) in peripheral blood of 
inflammalory bowel disease (IBD) patients 
following treatment with the probiotic yogurt. 
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0.25 
0-20 
1 0-15 
I 0-10 
0-05 




CFE(10jig/ml) - - + - + 
CFE (1 (ig/ml) + _ + 

PMA+IONO - + _ _ + ^ 

Fig. 5. Suppressive efiert of ceU-free extracts (CI'I-) nf hiclnlmdllus 
reuicri RC-14 and L rhamnosiis GR-1 on thf r'ri vilrti prolifcriilive 
responses of peripheral blood mononuclear cells (PHMC). PHMC 
obtained from five hcahhy controls were cultured wilh (+) or without 
(-) PMA, ionomycin and CFE. Results are expressed iis mean nplicnl 
density (OD) at 575 nm +s.d., with higher 015 torresponding to 
higher proliferation rate. 



CD4^ CD25'"fi'- cells in the patients before and after treatment 
in tlie present study are consistent witli the values reported 
by Maul and co-workers [27] for patients with active and 
inactive IBD, respectively. 

The probiotic yogurt intake was associated with a number 
of potentially anti-inflammatory changes that are in 
harmony with die putative immunosuppressive role of the 
expanded CD4^ CD25'''«'' cell population. The treatment was 
followed by a decrease in serum IL-12 concentration and a 
decreased percentage of TNF-a- and IL-12-producing 
monocytes and myeloid DC. Monocyte-produced TNF-a is 
one of the central final mediators in the inflammatory 
cascade of IBD. Its aetiological significance is well demon- 
strated by the success of TNF-a antibody treatments in 
inducing and maintaining remission [28]. IL-12 is the 
primary cytokine in directing T cell differentiation towards 
Thl effector cells and thus is considered to be among the 
major cytokines in the pathogenesis of Crohn's disease [9]. 
An indirect correlation was observed between production of 
TNF-a and IL-12 by monocytes and DC and the numbers of 
CD4* COaS'-'f cells in IBD patients. The causal relationship 
in such a correlation may be bidirectional. On one hand, low 
numbers of IL-12-producing monocytes and DC may indi- 
cate tlie expansion of an immature population of these 
potential antigen-presenting cells, DC in particular, which 
may then direct the T cell differentiation towards T,^ cells 
[29]. There is some mdication that this would be a charac- 
teristic immunosuppressive response to Gram-positive com- 
mensal bacteria - an unlikely threat to the host [30] . On the 
other hand, established expansion of tlie T,^ cell population 
is likely to suppress the proinflammatory responses by 
monocytes and DC [31,32]. The increase in CD4-^ CD25''''''' 
cells \vas also paralleled by reduced ex vivo production of 



IL-2 by I (.tli.i 111 respiinse lu pt)lytli)n:il .slitniiliis, a cliiinic- 
lerLSlic lit viiro eflecl of CD'!' CIJ25' T,^. cells j33|, Down- 
regulalcil 1 cell rcsponsivciK-ss wiis indicated fitrlhcr by 
rcduLCii expression of the early T cell nclivalion marker 
CDfi9 ill respan.se to l'.v vivo stimulus. However, the lack of 
mlluenceon oilier T cell cytokines lliaii IL-2 implies thai the 
Irealnicnl did not have any considerable inllucnce on the 
peripheral Thl/71i2 balance. 

The data wilh iinsupplcmcnled yogurt indicate that the 
anli-inllammalory effects seen in the current study were 
dependenl upon the presence of the bictobiicillus probiotic 
.slratn.'i GK-I and IIC-M. The imnuinosuppressivc capacity 
oflhese slrains is .supported by the finding that CFE of GR-1 
iiiid RC-14 irihibiicd the proliferative response of I^BMC to 
polyclonal stimulus in vitro. Notably, the anti-inllammatory 
effects seen liere arc also consistent with previous in vitro 
data from our group, indicating that spent media from 
GR-I culture inhibited the production of proinflammatory 
cytokines, including TNF and IL-12, wilh nu effect on IL-10 
production by murine macrophages expcscd to E. coli or LPS 
(34). 

The ability to expand the peripheral pool of CD4' CD25'' 
T,i^ cells could be beneficial in a wide variety of applications: 
in addition to the presumable ability to prevent and treat 
IBD, as suggested by animal studies [5,35], these cells can 
prevent and limit reactions to allergens, inhibit organ trans- 
plant rejections [36,37] and prevent autoimmune diseases, 
including arthritis [38] and insulitis as well as autoimmune 
thyroiditis and gastritis [39,40|. Further studies will 
determine whether or not significant expansion of the 
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F%. G. Comparison of fold changes in the numbers of regulatory T 
cells (T,^ CD4^CD25'''»''), activated T cells (CD4* CD25*) and 
tumour necrosii factor (TNF)-a- and interleufcin (IL)-12-pfoducuig 
monocyles (MC) and dendritic cells (DC) in inflanunatory bowel 
disease (IBD) patients following treatment with probiotic yogurt or 
unsupplemented yogurt. Individuals are indicated by connective lines. 
•Change following treatment with probiotic yogurt significantly 
different from change foUowlng treatment with unsupplemented 
yogurt (P< 0-05). 
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CD4*CD25'"«'' cell population, assnciiilcil with llic intakL' iif 
probiotic yogurt, is evident only iti IHD pniifiit.s-. In ihc 
current study, only a minor expansion was seen in liL-althy 
controls. Such a difference lo IBD patienis is in agreement 
with previous studies indicating that probiolic ihcrapics 
have commonly distinct eflects on subjects wilh healthy 
versus inflamed mucosa [41 1. Overall, fewer and generally 
more moderate changes in immunological parameters were 
observed in healthy subjects in this study. The effects were, 
however, in line with the anti-inflammatory effccLs seen in 
IBD patients, including a decrease in basal concentrations of 
IL-12- and TNF-oc-producing monocytes and myeloid DC as 
well as a decrease in serum TNF-a concentrations. In con- 
trast, faecal TNF-a concentration increased during the Ireal- 
ment, a reminder that peripheral effects and local effects in 
tlie intestine can be dramatically different. 

Conclusion 

Short-term consumption of yogurt supplenienled wilh Lac- 
tabadttits strains GR-l and RC-14 promoted the formation 
of a desirable anti-inflammatory environment in the periph- 
eral blood of IBD patients, and showed no harmful effects in 
these patients or control subjects. Tliis effect was associated 
with an increase in the presence of CD4' CD25'''s'' ceils, a 
putative population of CD4^ CD25^ T^„ cells. Furtlier clini- 
cal studies are now warranted to confirm the immunosup- 
pressive functions and assess whether these peripheral effects 
are reflective of beneficial anti-inflammatory action locally 
in the intestine, resulting in clinical benefits such as pro- 
longed remission of IBD. 

In terms of the potential application of this nutritional 
supplement to patients with underlying complaints, such as 
HIV/AIDS patients with chronic diarrhoea or undernour- 
ished adults and children in developing countries, the find- 
ings supported at least acceptability of the taste and texture 
of the yogurt [42,43], and its safe use for I month. A pre- 
liminary study of its use by HIC/AIDS patients with chronic 
diarrhoea in Nigeria has shown that cessation of the diar- 
rhoea occurs within 2 days of its use [44], 

In short, probiotic yogurt can have nutritional as well as 
beneficial immune modulatory effects in patients with 
serious underlying disease. 
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Tmaladie."'''^™'''?-''^ .^""''"^^ gastrointestinal 
I maladies m particular diarrhea, has been well 
documented.' Fermented milk products, such a yogurt 

has bTcnm. f"^^^'^^'"^" Africa, fermentation of foods 
has become less commonplace over the past 50 years in 
?edon"'. ' 'T'-^"^.'^ of-Western" food practic'J. Th^ 
f ^ ""i"^ P°^'"y '^"^ malnutrition, is now 
ecfn^J, HIV/AIDS epidemic that is c ippHng 

economic and causing relentless suffering. Women arf 
bel evet^L' "'^ new infecSs a e 

A voung women and girls Less 

£v ;i? °' P^^^^"'^ g^i" access to the 

tote/rr Srta^'^^^^^^ 

n^ho^^Sis^^Se^l^SJ^S^ 
patients. Decisions regarding the initiation and determT 
nation of antiretroviral efficacy should be suided hv 
mo^i^nng the plasma HIV-RN^ (VirafloadSc^^^^ 
counts. These parameters give the physician imnortant 
mformation about ti^ virologic and^mmunolog^^tam 

mv infection to the development of AIDS. With this 
CD4 decline comes increased risk of complications 
rSf^fC".''';^ 1^?^' opportunistic inSns In 
with n rm Hrv/AIDS patients, those 

in t^ii / '^''""^ t° 350ceIls/ML declined 
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and 500 fell SO.Scells/fiL per year (or 1 .3 every 2 wkl and 
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To date, there have been no studies on the use of 
probK.t.c yogurt for the management of diarrhea n Hw} 

^Sf/ T"""' ^'°P in CD4 counts 

LactobaciUus reuten has been shown to be safely 
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administered to HIV/AIDS subiects,-^ and \o prophylac- 
tically benefit individuals susceptible to cryplasporidio- 

^^nTfr^^"^ °^ ^'^^ P""^^^"^ '^^^^y ^'^''^^ delerniinu, in 40 
HlV/AIDS-infected women, whether the addition of 
probiotic strains. L. reiileri (formerly femmium) RC-14 
with L. rhammm GR-1 to yogurt, could clear diarrhea 
and halt the drop in CD4 counts, of subjecLs with a 
starting CD4 count between 206 and 520cells/nL. 

MATERIALS AND METHODS 
Subjects and Recruitment 

Premenopausal women, attending the HiV Volun- 
tary Counsehng Test center in Benin City were recruited 
The ethical review committee of the Faculty of Pharmacy 
University of Benin, gave approval for the study Ali 
testing was voluntary and included precounseling and 
postcounseling by trained HIV counselors. Each of the 24 
subjects consented to the study after thorough explana- 
Uon by the HIV counselor. All participants who were 
HIV positive were counseled and informed of their HIV 
status. Blood samples (4mL) were collected into plain 
bottles for HIV antibodies, detected using Capillus HIV 
test kits {Cambridge). Tlie reactive samples were further 
confirmed using the western blot technique (Biorad). 

Inclusion Criteria, Study Subjects, 
Randomization, and Blinding 

The inclusion criteria was for females aged 18 years 
and above; laboratory evidence of HIV infection; history 
of no previous antiretroviral therapy; and CD4 cell 
counts above 200 celIs/|xL. This value was chosen based 
on tlie recent study showing the mean CD4 lymphocyte 
count of healthy Nigerians to be 685 ± 99 [95% 
confidence interval (CI) 487-883]. The value was twice 
that of HIV-infected subjects without AIDS-defining 
illness (314 ± 45, 95% CI 224-404). The CD4 lymphocyte 
count of HIV-infected with AIDS-defining illness was 
one-fourth or less (148 ± 30, 95% CI 88-208). The 
patients who were confirmed positive for HIV were 
invited to participate in the probiotic yogurt study. 
Lactose intolerance was an exclusion criterion, and none 
of the subjects enrolled sulTered from this condition 
Subjects were excluded if they were taking dietary 
supplements or any anti-retrovira! therapies. It was not 
possible to control the dietary intake of the subjects but 
interviews witli each did not reveal any significant 
ditterences in the types of food consumed. The 24 HIV/ 
AIDS adult female subjects enrolled were aged 18 to 44 
years. The probiotic and placebo products were prepared 
by an independent laboratory and blinded to the 
physicians recruiting the patients and the researchers 
analyzing the data. Upon completion of the data analysis 
at 3 months, the code was broken. 

Probiotic Yogurt 

Conventional yogurts fermented with starter cul- 
tures of Lactobacillus delbniekii subsp. bulgaricus and 
Slreptococcus thermophilus were supplemented with pro- 
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bio tic L. rhainnomw GU-I and L rtniteri RC-14, Ten 
miliiliiers of probiotic prepanitions {2,5 x lO'^CFU/mL) 
were added to 990 mL of the lermenled yogurt. The 
yogurt given to the subjects for the 15 days, maintained 
viable counts of both probiotics at 10^/mL, as checked by 
culture. Both probiotic strains survive and grow well in 
milk and survive intestinal passage." Twelve HIV/AIDS 
adult female subjects with clinical signs of moderate 
diarrhea each consumed 100 mL probiotic yogurt per day 
for 15 days. For the control group, 12 age-matched HIV/ 
AIDS female subjects consumed lOOmL of unsupple- 
menled yogurt. Each subject had 4mL of venous blood 
collected into ethylcnediaminetetraacetic acid containers, 
before study commencement and at 15 and 30 days 
follow-up. The samples were tested for hematologic 
parameters and CD4 cell counts using Dynabead 
technique (Dynal A.S., Oslo, Norway) which is the 
adopted technique for CD4 estimation under the national 
ARV programme in Nigeria." The CD4 lymphocyte 
counts were expressed as cells/jtL of blood. 

Determination of CD4 Cell Counts 

For each test, 155^L of freshly obtained ethylene- 
diaminetetraacetic acid anticoagulated blood was added 
to 350 pL of phosphate-buffered saline; 25 nL of sus- 
pended magnetic beads coated with anti-CD4 monoclonal 
antibody was added and the mixture incubated for 10 
minutes at room temperature on a dynal mechanical 
rotator, to deplete blood of monocytes. The beads were 
separated using the magnetic particle concentrator and 
washed twice with phosphate-buffered saline. After 
addition of SO^iL lysing solution, cells were stained with 
50|iL of Turks fluid and layered on a Neubauer counting 
chamber. The nuclei were integrally enumerated under 
light microscopy. Results were expressed as number of 
positive cells counted per microliter of whole blood. 

Testing the Hematologic Parameters 

Twelve hematologic parameters were determined at 
baseline, 15 and 30 days posttreatment, using auto- 
hematologic analyzer, CELL-DYN 1200 by Abbort, Inc, 
USA [white blood cells, red blood cells, hemoglobin! 
hematocrit (pack cell volume), mean cell volume, mean 
cell hemoglobin, mean cell hemoglobin concentration, red 
blood cell distribution width, platelets]. 

Measuring Quality of Life at Baseline, IS Days, 
30 Days, and 3 IVIonths 

A structured questionnaire was designed to obtain 
clinical history and quality of life for each patient. The 
participants were asked to indicate any gastrointestinal 
discomfort particularly diarrhea which was described as 
Absent, Moderate (daily episodes of watery stools, mUd 
nausea, and mild flatulence), or Severe (persistent watery 
stools, urgency and frequency of defecation, nausea and 
flatulence), and the presence of any opportunistic infec- 
tions or skin conditions before and after the probiotic 
yogurt administration. 
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Statistics 

Data are presented as the mean ± standard devia- 
tion, and n represents the number of participants from 
probtotic GR-I/RC-14 group and placebo gmup. 
Comparisons were made by use of the Student / lest 
Differences were regarded significant between the treat- 
ment groups with a P value less than 0.05 



RESULTS 

There was 100% compliance at day 15, as deter- 
mined by return for follow-up and inspection of empty 
yogurt containers. One subject's blood sample was not 
able to be scored due to technical error. No bacteremia 
was detected m any subject. Two subjects failed to show 
lor the 30-day follow-up, despite being contacted. Tliere 
was no significant alteration in the hematologic para- 
meters (Table !) of both groups after the treatment 
The qualitative analysis of the urine parameters (color 
'J!''^!' proteins, ketones, nitrite, glucose 

and bloodj did not change significantly in either group 
However, iirine leukocyte esterase, motile bacteria and 
white blood cells per high power field were significantly 
reduced in tlie probiotic yogurt group compared with the 
control group. 

There were significant differences between the 
groups with respect to their CD4 cell counts (Table ^) 
Eight of 11 subjects at day 15 and 30, consuming 
unsupplemented yogurt had a drop in CD4 cell count 
and the group's average drop coincided with the 
anticipated values predicted by Holmes et al." On the 
contrary, 8/12 subjects at day 15 and lO/1 1 at day 30 who 
consumed the probiotic yogurt, had an increase in CD4 
cell count. On average, this resulted in a 3 to 4 fold 
improvement compared to controls, and this was 
statistically significant iP<Q.Q2). No deaths occurred 
during the study or 3-month follow-up. 



The subjects treated with the probiotic supplemen- 
ted yogurt had rapid (within 2d) resolution of their 
gastrointestinal discomfort, namely diarrhea with fiatu- 
ience and nausea, compared to controls, and this 
remained so for the duration of treatment as well as 
during longer term follow-up (Table 3). Three of the 
placebo subjects developed skin ra.shes at 3 months, 
whereas none were noted in the probiotic-treated group, 

DISCUSSION 

This is the first study to show that probiotic 
supplemented yogurt, unlike regular yogurt, quickly 
alleviates diarrhea in HIV/AIDS patients, and has a 
positive outcome on CD4 counts. This effect occurred 
within days of consumption. The results obtained in this 
24-subject study, provide strong evidence for a larger 
examination of the use of basic foods for management of 
the AIDS crisis, particularly in populations without 
access to antiretrovirals or expensive therapies. In a 
separate project in a poor area of Tanzania, yogurt 
supplemented with probiotic L. rfiamnosus GR-\ is being 
made by mothers in a community kitchen. This project, 
Western Heads East (www.westernheadseast.ca) demon- 
strates the ability to reach poor people and have them 
engaged in a not-for-profit activity which can have 
important health outcomes. 

_ Several patients had relatively good increases in 
their CD4 counts, even 15 days after completion of the 
probiotic yogurt intake, whereas one subject had a 
significant decrease in her CD4 count in the control 
group. The clinical significance and long term eflfects 
remain to be investigated. 

Diarrhea is not only a problem with HIV/AIDS 
patients per se, but it is one of the adverse effects of 
antiretroviral therapy." The fact that a food, easily 
produced in developing countries, and indeed part of 



TABLE!. Mean 
rhamnosus CR-1 



Probiolic Group 



Day 0 



TWBC X loVnL 
Neutrophils % 
Lymphocytes % 
MED % 
RBCx 10%L 
Hb (g/dL) 
HCT (PCV) % 
IWCV 
MCH 
MCHC 
RDW 

PJateletx lO'/nL 



5.8 ±0.76 

62.0 ±2.96 

33.1 ±2.40 
S.0±).35 

4.76 ±0.40 
12.6 ±1.38 
38 ± 2,93 
89 ±2.0 
31 ±1 
34 ±0.12 
13 ±0.1 
21g±14 



ProbtoHe Days 15 and 30 
Day 30 



Day 15 



6.0 ± 1.02 
61 ± 0.85 

33.0 ± 1.8 
7.7 ± 1.94 

4.84 ± 0.5 

13.2 ± 1.2 
38 ± 2.74 
90 ± 1.8 
31 ±1.2 
33 ±0.19 
13 ±0.1 

220 ±23 



34± L45 
7.5 ±2.17 
5.1 ± 0.87 
13.8 ±2.2 



39.1 



:3.5 



91 ± 2.0 
3! ± 1 
34 ±0.14 
13 ± 0.2 
243 ±25 



•Siiin >iLj[ iin ili<\ 
MEB indicates 
MCH indicaleii 
cUstribulion widtli. 



Yogurt Group 






Slatistical 


at Baseline 


Yogurt Days 15 and 30 


Analysis* 


Day 0 


Day 15 


Day 30 


Day 0 


Day 30 


5.7 ± 2,6 


5.6 ± 0.84 


5.7 ± T.9 


NS 


NS 


58.2 ± 1,4 


51.4 ±0.9 


49 ± 2.6 


NS 


NS 


34.3 ± 0.2 


36.7 ± 0,2 


41 ± 3.4 


NS 


0.05 


8.0 ± 0.5 


8.2 ± 1.24 


9.0 ± 0.4 


NS 


NS 


4.5 ±0.8 


4.4 ± 0.76 


4.6 ± 0.7 


NS 


NS 


12.8 ± 1.6 


13.1 ± 1.8 


13.4 ± 2.3 


NS 


NS 


37.2 ±3.9 


37.7 ± 2.8 


38.i ±3.5 


NS 


NS 


92 ± 1.2 


92 ± 1.1 


92 ± I.O 


NS 


NS 


32 ± 0.3 


32 ±0.5 


33 ± 0.3 


NS 


NS 


34 ± 0.16 


33 ± 0.8 


33 ± 0.2 


NS 


NS 


13 ±0J 


13 ± 0.2 


13 ±0.1 


NS 


NS 


210 18 


20S±26 


201 ± 28 


NS 


NS 



■-* ■ MCHC, m 



II hemofdohin conKnlration; MCV, msan cell volume; PCV, pock cell volumfi; RDW, red blood a 
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R^U foM?Da*S""' °^ ^'^^ "^""'""^^^ Unsupptemenled or Probiotic Yogurt Containing Lactobacillus C 



Mean ± SD CD4 
Placebo subjects iit baseline 



the heritage of many countries, can alleviate diarrhea, 
represents a significant potential means of reducing some 
deaths among HIV/AIDS patients. Having stated that, a 
larger study is needed to examine the use of probiotic 
yogurt in patients with lower CD4 counts and mor-- 
severe diarrhea. The effects seemed to carryover for 
several months after eradication of the diarrhea. Given 
the apparent success of adding micronutrients to the diet 
of HIV/AIDS patients, albeit in those receiving anti- 



retroviral drugs, ~ it would be worth investigating the 
effects of probiolics with micronutrients supplemented 
into yogurt in subjects who do not have access to highly 
active antiretroviral therapy therapy. 

No side effects were noted, although 3 control 
subjects developed skin rashes by the third-month follow- 
up. This is not uncommon in patients developing end 
stage AIDS. Again, the extent to which probiotics can 
delay this event, seems worthy of investigation. 



TABLE 3. Results of Quality of Life Parameters 



Probiotic Yogurt Group at 
Baseline (N = 12) 



Yogurt Group at fl 
(N - 12) 



The 2-d and 3-nio values w 



Diarrhea (With Flntolenee and Nausea) 



12/12(100%) 
12/12(100%) 
7/1 1 (64%) 
«/12(67%) 



1/1 1 (9%) 
3/1 1 (27%) 
2/12 (17%) 



4/1 1 (36%) 
4/12(33%) 
12(100%) 

12/12(100%) 
10/11 (91%) 
8/1 1 (73%) 
10/12(83%) 



Opportunistic Inrcctions 
Such as Bolls, Rashes, etc. 



rrom each suhjecl by pcrsonul a 



3 (mild rashes) 



:t, outside of the 2 follow-up visits on days 15 ami 30. 
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This study exemplifies Ihe need to bring probiotics 
from the Northern and Weslern worlds to Africa us 
well as to people in all countries who cannot iilford 
pimrmaceuucal remedies, as recommended by the FAO.'-^ 
If such remedies only provide temporary relief from this 
fatal disease, their value will be immense. 
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!^'9|i 'ncidence of pulmonary bacterial co-infecfion 
in children with severe respiratory syncytial virus 
(RSV) bronchiolitis 

K Thorburn, S Harigopal, V Reddy, N Taylor, H K F van Saene S^Se 

Thorax 2Q06:6h6] \-6\S. doi: 10.1 136/lhx.2005.048397 

^f'^-'°"?,lv^?^!''''l'?'n^^.'>'"'^'?',''™' "'J'^ °f l°vver respiralory Iroct 

infections (LRTI), Viral LRTI is a risk factor for bacterial superinFection, hoving an escalating incidence with 
increasing severity oF respiratoo' illness A study was undertaken lo defemiine ihe incidence of pulmortary 
j . °" '^^^'^ ''SV bronchiolitis, using poediatric intensive core 

See end of article for ""'Vf'^'^' °°i"i«ron as □ surrogate morker of severily, and to study ihe impact of ihe co-infedion on 

aulhors' affiliolions morlolify. 

Mefliods: A prospective microbiological analysis was mode of lower olrwoys secretions on all RSV positive 
brorKhiohhs paltenls on admission to ihe PICU during three consecutive RSV seasons. 
Squ k"^ u IV " ''"^ r, 'r^^*'"" ' 0.5-4.61 odmiHed to the PICU 
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with RSV bronchiolitis were enrolled in the study. Seventy (42.4%| had'lower airway 
bacteria: 36 (21 .8%) were co-infected and 34 (20.6%) had low bocterid growth/possible i 

ih baclBrialco-inl 



IS positive lor 

mechanically venfiloted (median 5.0 days JQR 3.0Vr3). Those with' Ktal "oTnfecilo^^ qlirtd 
ventilatory support for longer than ihose with only RSV (p<0.01 ). White cell count, neutrophil count, and 
C- eactive protein did not differentiate between the groups. Seventy (our children (45%) received 
antibiotics prior to intubation. Sex, co-morbidity, origin, prior antibiotics, time on preceding antibiotics 
J were no! predictive oF positive bacterial cultures. There were 1 2 

deaths (6.6%), five oF wFiich were rdalad to RSV. 

Conclusion*: Up to 40% oF children with severe RSV bronchiolitis requiring admission to the PICU were 
infected with bodena in their lower aimoys and were al increased risk for baderral pneumonia. 



Respiratory syncytial virus (RSV) is the mosi important 
viral cause for lower respiratory infection in infants and 
young diililren ihroughout the world.' It is one of the 
commonest causes of respiratory tract infecdon leading to 
respiratory failure. It lias been estimated tliai in each year 
600 000 deaths occur worldwide that are directly or indirealy 
attributable to RSV.' Factors that increase susceptibility to 
the virus include chrDnolagicai age less than 6 weeks 
bronchopulmonary dysplasia, congenital heart disease, pre- 
maturity, and immunodenciency.* ' Although the mortality 
rate for those admitted to hospital may be as low as 1-3%, it 
increases in those witli severe bronchiolitis requiring inten- 
sive care managemenL'"^ \n developed countries about 2% of 
infants and children admitted to hospital with RSV require 
assisted ventilation.' RSVbronchiolitij; is a common cause for 
admission to a paediatric intensive care unit (PICU) in the 
winter season,'"^ 

The pharmacological management of RSV bronchiolitis, 
other than the use of supplementary oxygen, has long been 
debated. ' In particular, many advocate against the routine 
use of antibiotics in bronchiolitis because of a reported low 
mcidence of concurrent or secondary bacterial infections in 
patients with RSV.'"-" However, these studies focused on 
extrapulmonary bacterial co-Infection and included only 
limited numbers ofchUdren with severe respiratory compro- 
mise/failure. 

Physiologically, the lower airways are normally sterile. 
Nevertheless, the relationship between bacterial co-infectioii 
and viral respiratory disease has previously been recognised, 
having an escalating incidence with increasing severity of 
respiratory illness.'" Three retrospective studies investigated 
the occurrence of bacterial co-infection in children with 



severe RSV infecdon requiring PICU admission and found the 
incidence of pulmonary bacterial co-lnfecdon to vary 
between 17.5% and 44%.""' In this study we prospectively 
investigated the incidence of pulmonary bacterial co-infec- 
tion using established quantitative microbiologj'" in patients 
with severe RSV bronchiolitis on admission to a tertiaiy 
PICU, and evaluated the impact of the bacterial co-infecdon 
on morbidity and mortality. 

iWETHODS 

The study group comprised children admitted to the PICU at 
die Royal Uverpool Children's Hospital, a university affiliated 
multidisciplinar>' regional referral centre. The PICU is a 20- 
bed facility with an annual admission rate of over 1000 
children. The overall mortality rate is 4.5%, widi a predicted 
mortality of 6.25% using the paediatric index of mortality" 
and a standardised monallty rate of 0.72. 

The main objenives of the study were ( I ) to determine the 
incidence of pulmonary bacterial co-infeaion in patients 
requiring admission lo the PICU for severe RSV bronchiolitis; 
and (2) to study the impaa of the co-infecdon on morbidity 
(including length of vendladon and innammation) and 
mortality. 

Children with RSV bronchiolitis, confirmed by RSV antigen 
testing and/or culture, requiring PICU admission and from 
whom lower airway secretions were obtained on admission 
were included in the study. Those with nosocomial RSV 
infecdons were excluded. Data were collected prospectively 



Abbraviafions: BAL, hronehoalveolar Itivoge; IRTI, lower respiroloiy 
trod inFecfion; PICU, paediatric intensive care unit; RSV, resoirotori' 
syncytial virus ' > f r 
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during ihrct ciinsccuilvc IISV sirnsoiis (wiiiior) k'UvL'cii 
2002 and 21H>5 from RSV posiiivc clilUlivii .idniiiiLMl lo iIr- 

The siudy was approved by ihc inKiiintUinnl i:iiiics revit-w 
board. 



Respiratory support 

Intubailon was pL-rformL-d by our PICU roiricva) ilmiii ni the 
rtrerring hospiial, in our accidtni &. emergency (A&E) 
department, or in one of the hospitnl wnrds jirior lo PICU 
admission. Alternatively, ilic nnnesiheiic lenni ol' ilie 
referring hospital imubatetl some of the patients before tlie 
aiTival of the PICU retrieval team. It is jiolicy iliai all children 
who require Intensive care and veniilninry .•iiipporl are moved 
to die regional PICU. 

The timing of extubatlon was judged clinically and not 
innuenced by bronchoaiveolar lavage (QAL) results, 

Microbiological sampling 

Diagnostic samples of nasopharyngeal aspirates (for RSV 
detection) and lower airway secretions (for bacterial culture) 
ihrough endotracheal tube using sterile precnuiions" were 
taken on admission and processed immediately in the 
laboratory. Prior to routine bronchial toilet, a sterile suction 
catheter was passed down the endotracheal tube. Two i ml/ 
kg allquots of sterile 0.9% saline were instilled ihrough the 
suction cadieier, immediately follawetl by as|)irniion widi 
constant pressure into a mucus trap. Samjiles were collected 
by specialist respiratory physiotherapists or PICU staff 
niembers. BAL was performed immetiiately after endotra- 
cheal mtubotion in children intubated in the Imspital and on 
arrival in die PICU, and generally within 3 hours of 
endotracheal intubation for those admitted from other 
hospitals. All children within die region are only ventilated 
in the regional PICU, so are rapidly transferred to die PICU. 

Surveillance samples of throat and rectum were obtained 
on admission and then twice weekly, in keeping with die 
roudne survelilance practice in our uniu 

Laboratory procedures 

Viral 

Nasopharyngeal aspirates were tested by the Directigen RSV 
test (Eecton Dickinson Microbiology Systems, Maryland, 
USA), This Is an In vitro enzyme immunoassay (ELISA) 
membrane test for the rapid and qualitative detection of RSV 
antigen directly from nasopharyngeal specimens. All samples 
negative for RSV using the ELISA membrane test were 
cultured using standard virological techniques at the Health 
Protection Agency. 

Bacterial/yeast 

Diagnostic or clinical samples were processed immediately In 
a qualitative and semi-quantitadve way using standard 
microbiological methods. For all types of samples, macro- 
scopically distinct colonies were isolated in pure culture. 
Standard methods for identification, typing, and sensitivity 
patterns were used for all micro-organisms." 

Antibiotic treatment 

Patients wldi signs of Infection received Intravenous cefotax- 
ime {150 mg/kg/day four times daily for up to 7 days) as first 
line treatment for A8 hours while awaidng culture results. 
Clinical status on presentation governed whether supple- 
mentary intravenous cover with an aminoglycoside {genia- 
midn 7.5 mg/kg/day three times daily for up to 7 days) was 
added. Antibiotics were rationalised once culture and 
sensitivity results became available. 



Definitions 

IliKiirui ivsilw: the preseiicc nf micni-iirnmitsnis in the lower 
airways which is iiiirinnlly sterile. 

Q>-iiiji'cti,>tK Infcciion is a inicrabiologically jiriiven. clinical 
dingniisi.-i itf Inrinininntlon, local and/or generalised. In this 
study clinical siijiis were unreliable as all patients had 
' I' I c li I },icil id! II were used. 

UncterinI co-inl'eclion required bocterin colony ctumis 
&l(l'cfu/jiil iif dl.iBiiostic sample fur each single species 
obinitieil from lower airway secretions unit, on a seini- 
quantitntiVL- .scale of + = few (<50xl()'VI), -H- = moderate 
(>HM)5<10"/I), fliul = many leucocytes (>10aOxlO"/|), 
the presence of ai least a moderate (H-i) number of 
leucocytes.-'" 

Low liadi'rial ijmvUt: Diagnostic samples from lower airway 
secretions which yielded <lo' cfu/ml of dlagmi.stic sample 
and the presence leucocyte.s. 

The chest radiographic apjienrance was not used to 
diagnose bacterial co-infectlon as changes on die chest 
railiogrniih are not pathognomonic of seconitary bacterial or 
viral infections.'" ■"' 

Analysis of data 

Data were collected prospectively. Prediction of mortality 
using tlic paediairic index of moriality was obtained on the 
patient's first contact with the PICU team." Results were 
expressed as a percentage of the total study population; 
median and interquartile ranges (IQR) were used to describe 
the demographic distributions. 

Continuous data were analysed using the Wilcoxon-iVlann- 
Whilney (W-M-W) tcsL Categorical data were analysed using 
Fisher's exact or McNemar's test. Correlation was assessed 
using Spearman's rank test {two taileil). Multivariate 
analysis was performed using linear and logistic regression 

Statistical calculations were performed with the Statistical 
Program for Social Science release 11,0.0 (SPSS 11, Chicago, 
IL, USA), A p value of <0.05 was considered statistically 
significanu 

RESULTS 

A total of IBl children (103 boys and 7S girls) of median age 
1.5 months (IQR 0.5^.6) were admitted to the PICU with 
RSV positive bronchiolitis during the tiiree consecutive RSV 
seasons (2Q02-5). The indication for PICU admission for 
diese children was ventilatory/respiratory support (respira- 
tory failure (n=172) and/or life threatening apnoeas 
(n = 9)). All patients were mechanically ventilated for a 
median of 5.0 days {IQR 3.0-7.3). 165 children were enrolled 
in the study; an admission BAL sample was not available in 
16 patients (8.8%). 

The demographic characteristics, inflammatory markers, 
antibiotic history, and mortality of the RSV positive children 
In the subgroups RSV only, bacterial co-infection, low 
bacterial growth, and bacteria positive (co-infection + low 
baaerial growdi) are shmvn in table I. The white cell count, 
neutrophil count, and C-reactive protein (CRP) levels did not 
differ between the groups on admission or during days 1-5 in 
the PICU. 

Although all patients were admitted primarily for respira- 
tory disease, 43% (71/165) of them had other co-morbidities 
(congenital heart disease n = 37, chronic lung disease n = 8, 
immunodeficiencies n = 4, abnormality of large airways 
n = 5, congenital heart disease and abnormality of large 
ainvays n-8. congenital heart disease and chronic lung 
disease n = 4, neuromuscular disease n = 7). Co-morbidity 
did not increase the risk of positive bacterial cultures {odds 
ratio 0.77, 95% CI 0.55 to 1.09). 
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Toble 1 Pctieni characteristics according to culture result (n= 1 65) 
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Overal). 45% (74/165) received antiljiQtics before admission 
to the PICU (that is, sianed by the referring hnsjiital or 
ward), most often cefoia.vime or ceftriaxone. Tiie brenltdmvn 
beiween tlie subgroups is shown in table 1. Receipt of 
antibiotics before PICU admission did not affeci the 
paedlatric Index of mortality fp = 0.5, W-iVl-W test) and 
length of ventilation (p = 0.2, W-IM-W test ). All except cifilii 



TaUe 2 Bacterial isolates (n=98) obtained on 
'admlssiori to Ihe PICU from the lower aii^oy in 70 
i children with severe RSV bronchiolitis 

Low luctcrial 
Co-Infcction griiwlh 
- (>TO'dii/n il) |<10'tfu/ml) 

;.;,CatiiiTitJriif)'' of^anisms^' **... '"^■^'^^V' ii^fV . ■ L' S 



Abnarmol oruanisms*' 

.vPydeorgmajo "I 

K pncimoniae V 

? c/oome and t /heunt/jT,. . 

S oaaladioe ■'[': '■><:■-- ^ ' :' 
N 



23 palients Irad niulliplc orgoiiUms (IB l)od two, 5 liod ihree toderfo); 
cotjimuraly ornanisras wero invoWed in 91% of lliose coses compaiEd 
wilh 77% singTo isolafej (p=0.2, Fisher's ewd test) 
■67% (10/1 5) U chmnic illnesses. ' 



patients were continued or commenced on antibiotics in the 
PICU (usually cefotaxime). Antibiotics were continued for a 
median of 5 days (IQR 3-6). The empirical u.se of antibiotics 
was at the discretion of the attending consultant. 

Sex, age, paediatric index of mortality, co-morbidity, 
receipt of prior antibiotics, time on antibiotics before 
inmhntion, admission oKygen and ventilation index were 
not predictive of positive bacterial cultures by univariate or 
multivariate analysis (all p values >0.16). 

The organisms isolated from lower airway secretions 
obtained on admission are shown in table 2. All those with 
positive endotracheal bacteriolDgical sjiecimcns had the same 
organisms isolated on admission surveillance swabs. 
Community organisms accounted for 83% (81/98) of tlie 
bacteria cultured. 

There were 12 deaths (6.6%), five of which (2.8%) 
appeared to be RSV related as the patients were still RSV 
positive wiien they died. Two patients with leukaemia on 
chemotherapy died From RSV pneumonitis on days 1 and 16, 
respectively. Neither had proven bacterial co-infection and 
both received broad spectrum empirical antibiotic treatment. 
Other associated causes included singles cases of hypoplastic 
right heart coupled u'ith cystic Rbrosis (on day 8), B pcrltissis 
co-infection with iiypoxaemic respiratory failure requiring 
extracorporeal membrane oxygenation (on day 26), and a 
child with a congenital myopathy (on day 8). The remaining 
seven deaths occurred 6-31 days after admission subsequent 
to the RSV cultures becoming negative. Causes of these RSV 
"unrelated" deaths included complex congenital heart 
disease (n = 3), multiple congenital anomaUes {n = 2), 
congenital myopathy (n=I), anoxic brain injury (n = l). 
Positive bacterial cultures did not predict death (odds ratio 
1.3, 95%. CI 0.57 to 2.95), but co-morbidity did (odds latio 
0.51, 95% CI 0.37 to 0.7). 



61/1 



Downloaded from iii'mia.bini.iiiiiii on 6 June 2008 

Thorburn, Horigopal, Ruddy, cjt □! 



DISCUSSION 

This observational siudy over tlirte nmsLriiiivL- KJiV simsoiis 
evaluating bacterial pulmonarj' (.o-inl'cctiim riiimiJ ili.ii 
of children admitted with severe liSV inlucll.iii h.irlx.iiml 
bacterial pathogens in Uieir lower nirvvnys. These crilicnlly III 
Children run a serious rhk of develo|,iii}. hnciorlnl tmc'iiniK- 
nia.'" " ' 

BAL samples were collected very sociii alk-r inluhnti.m sn 
Significant growih densities of i)acn.-ri,i rcnm iMiliogcns in 
the normally sterile lower airways. The liijjh iiuniher ol' 
colony formlns units makes ii highly unlikely timi the micro- 
organisms isolatetl were "pushed ilown" the ir.u-lie.i on 
Intubation. We acknowledge tliat the minibcriirieucDL-ytes In 
lower airways secretions will also be inlliienced liy IISV 
infecUon and therefore relied on bnclerinl (.nnvih The 
microbiological criteria were strict and avnliled poieminlly 
confounding clinical factors. This microbiological npiintnch is 
supported by recent literature concerning vcntilninr nsso- 
cmied pneumonia (VAP).« " On the other haiul. It nuisi be 
appreciated that our study group was very dilTereni frtmi this 
VAP group as they had "virgin" iatrugenically unconiaml- 
nated lower airways. Certainly, in the group with co- 
infeaion, substantial bacterial growUi densities occurred far 
too soon after intubation to have been oropharyngeal flora 
transported there by the endotracheal tube. If anything, ihe 
strict microbiological criteria probably underestimated' the 
number co-infected by catefiorising many of them as having 
low bacterial growth. We accept that dilTerentialing the 
groups into "co-infccted" and "low baacrial gmwih" mny be 
somewhat artifidal as the lower respiratory tract should be 
free from bacteria. 

The term "co-infealon" was used as, at the time of IMCU 
admission, these infections could either be secondary or 
concurrent. It woultf not be easy to detect tlie "chicken" from 
the "egg" as far as which was primary— the RSV or the 
bacteria— although a viral infection destroying cilia is In 
general required for a bacterial co-infection,'" The true ca- 
infection rate is likely to be higher than die 22% rate 
detected, as 45% of the cases received antibiotics before 
admission to the PICU. These antibiotics may have converted 
some of the "co-infection" patients into the "low bacterial 
growth" group, or even prevented bacterial growth alto- 
gether. 

Previous studies have examined bloodstream, otids media, 
or urinary tract infections in children with bronchiolitis, very 
few of whom had severe RSV bronchiolitis requiring 
intensive care.'"-' These studies generally found a veiy low 
incidence of secondary serious bacterial infection (1.2%)'* or 
bacteraemla (0.6%)'» in their hospitalised RSV patients 
Because these studies did not specirically concentrate on 
those with severe bronchiolitis, it is difficult to exu-apolate 
their results to this population. DuttvveUer et al retrospectively 
studied 127 infants admitted to intensive care for RSV 
bronchiolitis and found that 25 (44%) of the 57 ventilated 
and endotracheally sampled infants had "concomitant 
bacteria pneumonia".'" Similarly, the retrospective study of 
ICneyber ct aP" (82 PICU admissions with 65 (79%) 
ventilated) found that nine (33%) of the 24 children on 
whom admission endotracheal aspirates were performed had 
a positive bacterial culture. Randolph es aP' retrospectively 
examined 165 previously healthy infants admitted to the 
intensive care unit over a 12 year period with laboratory 
confirmed RSV infection, 63 (38%) of whom required 
mechanical ventilation. They found that 17.5-38% of the 63 
intubated Infants had "probable" or "possible" bacterial 
pneumonia. The incidence of bacterial pulmonary infection in 
these retrospective PICU reports is in keeping with that of 
this prospective study in which all bronchiolitic admissions 
were Included. 



i-"ilty one pmeiii iif ihe piitieiiis wiili li.iLieri.i in (heir 
alrwiiys .iiiil .H)% of the clilldren with K.SV iinly li.id co- 
iiiDrbidiiiL's (ciHijieiilial lieari disease, clininic hiiig (llscn,se, 
large aiivv.iy .ihiiortiuility, iinniutiodenciency, iieuroiiiusctdnr 
disease). This is in keeping with well reciigiiisoil risk faciors 
nssociaied wllh more severe RSV disen.se.' Cti-iiimbid- 
ilics did mil acLount for differences in leiigili nf ventilation 
buiwccn ilie study gniiips, but did comributL' towards 
miirlalily. The high iiLTCeiilngc with cn-imirliiililics is most 
l)robably also inlliienced by the fact that our centre is the 
regional pnedinlric cardiac referral centre, which means thai 
children with congenital heart disease and broiichiulliis are 
mine likely m be referred to our PICU for Imensive care 
niiinagemenl. 

There were fewer deaths In the bacteria jiositlve gmuji than 
in tluwe wllh RSV only. However, when adjusted lor those 
chiUlren who iiad recovered from their RSV iiifectioii only to 
die Inter from RSV unrelated cau.ses, both groups had similar 
mortalities (2.9% i- 3.2%). The jjaedialric index of mortality is 
a point of first contact score that is u.sed to assess the risk of 
dealli while in the PICU.^' The paediatric index of mortality 
scores fur all the groups were similar, suggesting that al! 
groups had matching severity of illness on admission ii> the 
PICU, Yet those with positive bacterial cultures required 
ventilatory support for longer than those with RSV onty. 
ICneyber tv n/-" rcptmed a similar finding. Although length of 
ventilation was significantly different between the groups, 
other respiratory support and inllammatlon indices did not 
differ between them (table 1). Perhaps the general innam- 
malory response once triggered by RSV is not so refined as to 
be further enhanced by concomitant bacterial infection. 
Others have also found inflammatory markers unhelpful in 
differentiating bacterial infection in this group of 
patients.'" " " Unfortunately, we were unable to find any 
early clinical measurements which would identify which RSV 
patients had bacterial co-inrcction. 

Receipt of prior antibiotics and length of time on them did 
not predispose to bacterial co-Infection. Moreover, many of 
the children with RSV had received antibiotics for only one 
day or less (often a single dose close to intubation). The fact 
that nearly all the RSV positive children received antibiotics 
in our PICU limited any interpretation on the impact of 
antibiotics on their outcome. All those patients with positive 
bacteriology in dieir endotracheal secretions had the same 
organisms isolated on admission surveillance swabs, indicat- 
ing primary endogenous infection." This reinforces the view 
tliat potential padiogens are carried first in the nasopharynx 
and then there is migration down the trachea into the lower 
airways."" The organisms Isolated on admission were 
generally normal community organisms because most of 
the patients were In good health before RSV infection and 
PICU admission."" Psewlonioims aeruginosa was the most 
common of the abnormal bacteria (table 2). All these patients 
were carriers of abnormal organisms in their throats, and In 
most the common denominator for their abnormal carriage 
was chronic Illness." " Interestingly, Strcplocoma piietimamae 
was isolated from relatively few patients. This could be the 
result of prior andbiotic use." 

Although most LRTI in children are viral in aetiology, 
mixed viral/bacterial infections are seen in up to a quarter of 
hospitalised children.-" " In addition, there is a risk of 
developing bacterial superinfection with viral LTRI." These 
issues have contributed to the recommendations by the 
World HealUi Organization that the treatment of community 
acquired pneumonia should include empirical antibiodcs.-" " 
Concerns diat using antibiotics (in our case cefotaxime) pre- 
emptively in this group of critically lU children would breed 
andbiotic resistance have been shown to be unfounded in a 
4 year study." Assessment of the innuence of antibiotics on 
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children vviili scvltl- brcmdiioliiis winiM rL-iiiiiiVii iirnsiiL-clivL- 
randomiiL'd Liitiiinlltil iri/il. 

This study has •ihuvvii ilini up to '10% of iwiii-nls iulniiual 
with severe KSV limiichioliiis were infccteil vvilli l»,u-ierin in 
their lower .linvnys, Cn-iuorbidiiy (c)Hij>ciiii.il lieiiri dlsense, 
chronic lunu tfi.sease, InrjiL' nirway .lUiiDrni.iiiiy, iiiimnntxic- 
ficiency, neuminusciilar disease) iiredlsimses to iimic severe 
RSV disease. 
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Novel beta-lactam antibiotics derivatives: their new applications 
as gene reporters, antitumor prodrugs and enzyme inhibitors. 
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Since the antibiotic properties of penicillin were first noticed in the 
beginning of last century, beta-lactam based antibiotics have been 
well developed as miracle drugs for the therapy of bacterial 
infectious diseases in clinics. Recently, these "old" antibiotics and 
their relevant derivatives have also found new applications as 
gene reporters, anti-cancer prodrugs and enzyme inhibitors. In 
this review, we will introduce the latest developments in the study 
of these new applications based on literatures reported over the 
last decade. The first section covers the recent developments of 
beta-lactam antibiotics as drugs against bacteria, the second 
section briefly discusses the occurrence of bacterial resistance and 
mechanistic studies of beta-lactam resistance in bacteria, the 
third section presents the current development of fluorogenic 
cephalosporin based beta-lactam probes for real-time imaging of 
gene expression, and the fourth section describes relevant studies 
on beta-lactam based substrates as anti-tumor prodrugs. Beta- 
lactam substrates as protease inhibitors will be also described in 
the fifth section. The final section summarizes future perspectives 
for beta-lactam antibiotic derivatives as scaffolds in the fields of 
molecular imaging, drug delivery and enzymatic assays. 
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Molecular Identification of Bacteria Associated 
with Bacterial Vaginosis 
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ABSTRACT 



Bacterial vaginosis affects millions of women and is associated with several serious From the PrcErarr, in infectious Diseases, 

health conditions. The cause of bacterial vaginosis remains poorly understood despite ^"^^ Hutchinson Cancer Research center 

numerous studies based on cultures. Bacteria in microbial communities can be idenri- (^-'^-''■■"^l.f.); and the oepanmentofwed. 

fiedwithoutcuitivarionbycha«cterizing±eirribosomalDNA(rDNA)seque„ces. ^"e^'^ire^s^/^Jr^arhl^^^^^^^^^^^^^ 

J.M.M.) — both In Seattle. Address reprint 

METHODS requests to Dr, Frfldricks at the Program In 

We identified bacteria in samples of vaginal fluid wid, a combination of broad-range ;S:e"rcS, JSSSw A::e!t,"' 

polymerase-chain-reaction (PCIU amplification of 16S rDNA with clone analysis, bac- D3-ioo, Boxigoz-i, Seattle, wAgsiog-ioz*! 

terium-specificPCRassay oflGS rDNA, and fluorescence in situ hybridization (FISH] °^^t<'frBdric@f},crcore, 

performed direcdy on vaginal fluid f^om 27 subjects with bacterial vaginosis and 46 with- H Englj iwed zao5;353:1899.9ii 

out Uie condition. Twenty-one subjects were studied with the use of broad-range PGR. copy^h, q looa m.^.„.mi^,s^»y. 
ofies rDNA, and 73 subjects were studied with the use of bacterium-specific PGR. 

SESUITS 

Women without bacterial vaginosis had 1 to 6 vaginal bacterial species (phyloiypesj in 
each sample (mean, 3.3), as detected by broad-range PGR of 16S rDNA, and lactofaacil- 
lus species were the predominant bacteria noted [83 to 100 percent of clones). Women 
with bacterial vaginosis had greater bacterial diversity (P<0.001), vvitli 9 to 17 phylotypes 
(mean, 12.6) detected per sample and newly recognized species present in 32 to 89 per- 
cent of clones per sample libraiy (mean, 58 percent). Thirty-five unique bacterial species 
were detected in the women widi bacterial vaginosis, including several species with no 
close cultivated reladves. Bacterium-specific PCRassays showed diatsevetal bacteria diat 
had no t been previously described were highly prevalent in subjects with bacterial vag- 
inosis but tare in healthy controls. FISH confirmed that newly recognized bacteria de- 
tected by PCRcorresponded to specific bacterial motphoiypes visible in vaginal fluid. 

CONCLUStONS 

Women with bacterial vaginosis have complex vaginal infections with many newly rec- 
ognized species, including three bacteria in the Clostridiales order that were highly 
specific for bacterial vaginosis. 
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I J ACTERiAL VAGINOSIS IS A COMMON an approachthat has tlic advantngc of detecting 
condition, affbcting millions ofwomcnan- fastidious or cultivation-resistant organisms.i«i We 
^.^^ nuaJly." ana 's associated with numerous soughttodetectandidentiiy bacteria invaginal-fluid 
health problems mcluding preterm labor result- samples with the use of molecular methods, 
ing in low birth weight pelvic inflammatory 

disease.'t.s and acquisition of the human immuno- ' ~ 

deficiency virus/-.^ Malodorous vaginal discharge methods 

may be the only symptom of bacterial vaginosis, study population 

and many affected women are asymptomatic." A total of87 women wererecruitcd from two groups 
Studies using cultivation methods Iiave shown known to have a high prevalence of bacterial vagi- 
tha women with bacterial vaginosis have loss ofvag- nosis.-^- Westudied the first 73 women enrolled, 
mal lactobacilh and concomitant overgrowth of Fourteen were patients at Public Healdi-Seattle and 
anaerobic and facultadve bacteria. Several bacte- King County Sexually Transmitted Disease (STD) 
ria hare been implicated in bacteria] vaginosis, such Clinic, and 59 were study participants at Harbor- 
as GardnmUa vagmah^o^nd Mobilmmscurtisii,^- but view Medical Center Women's Research Clinic, in 
diese species are also found in subjects who do not Seatde, who reported engaging in same-sex behav- 
have bacterial vaginos^ and tlius are not specific ior in the previous year and most of whom were 
markers fordisease 11 Fordiis reason, bacterial cul- also sexually active widi male partner. Women were 
dvacon of vaginal fluid has not proved useful for eligible if they were 16 to 45 years of age and able 
the diagnosis of bacterial vaginosis. Radier, clinical to provide written informed consent 
critena or Gram's staining of vaginal fluid is used single baseline samples ofvaginal fluid from die 
or lagnosis 73 subjects were studied with die use of bacteri- 

At least three of the following four elements um-specific polymerase-chain-reaction CPCR] as- 
mus be present to fu fill die clinical criteria of Am- says of 16S rDNA, including samples from 27 sub- 
set et al. for bacteria vaginosisi^: thin, homoge- jects widi bacterial vaginosis as defined according 
neous, raillcy vagmal discharge; vaginal-fluid pH to the clinical criteria of Amsel et ai.i^ and from 
greaterd,an4.5;aposibvewhifFtest(i.c.,produc- 46 subjects widiout bacterial vaginosis. Samples of 
ton of a fishy odor when 10 percent potassium vaginal fluid from 21 of diese 73 subjects were stud- 
ZtZtl if f .'n '^""^ widi the use of broad-range bacterial PGR of 
fluid);ajdcluecells(>20percentofepithelialce]ls 16SrDNAwidicloneanalysis,includtngsingIebase- 
witfi adherent b^ctena on microscopical exami- line samples from 9 subjects with bacterial vagino- 
nation ofvaginal fluid." An alternative diagnostic sis and 8 subjects without bacterial vaginosis and 
approach is to use Gram's staining ofvaginal fluid multiple follow-up samples from 4 subjects with 
to distinguish normal vagmal flora (i.e., gram-pos- newly diagnosed, resolved, relapsed, or persistent 
itive rods and lactobacilh) ftom bacterial vaginosis bacterial vaginosis (11 samples) 
di^eNST"'^' niorphotypes)i3 according to At both clinics, subjects underwent examina- 
ugentscore. ^^^^ ^i^l^ ^ speculum to collect vaginal fluid for 

Kochspostuktesforestablishingdiseasecau- saline microscopy, microscopical visualization widi 
sadon have not been fulfilled for any bacterium or potassium hydroxide, measurement of pH, and as- 
group of bacteria associated with bacterial vagi- sessment for an amine odor. Subjects at die STD 
nosis Thedisorder responds to treatment with an- chnic were tested routinely for Chkmndia trachoma^ 
bbioncs such as metronidazole and clindamycin, lis and Neisseria gononhoeae, and those seen at die 
but mettonidazole has a low level ofactivity in vitro Women's Research Clinic were tested with die use 
againstG.i«yin£ilisandlW.airiini.Re]apseandpersis- ofstandardscreenmg and diagnostic criteria ^iVag- 
tence are common." Thus, die causes and padio- inal fluid was collected for molecular studies by 
genesis ofbacterial vaginosis remain pooriy under- brushing the lateral vaginal wall widi a foam swab 
stood, and managementcan be challenging. diat was subsequendy fiozen 

_ Only a small ftaction of the bacteria present Written informed consent was obtained from 
in most microbial ecosystems are amenable to all parricipants in diis prospective study which 
propagation m thelaboratoty." Bacteria in com- was approved by institutional review boards at 
plex microbial communities can be identified by the Ered Hutchinson Cancer Research Center and 
charactenzmg dieir nbosomal RNA genes (rDNA), the University ofWashington in Seatde. Samples 
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were collected between October 16, 2001, and the women with bncterial vaginosis were symp- 
ay 5, 2004. tomntic, and very few had another genitourinary 

infection in addition to bacterial vaginosis. 
SAMPLE PREPARATION Broad-rangc bacterial PGR 0FI6S rDNA with 

Swabs for PGR assays were placed in 15-ml coni- analysis of cloned sequences was performed on 28 
cal tubes with saline, and the mixture was vor- samples ofvaginal fluid from 21 subjects. Table 1 
texed to dislodge cells. Sham swabs (with no pa- shows the bacterial species fphylotypea) detected 
aent contact) were processed in parallel to monitor and the percentage of clones from each library de- 
fer contaminabon of reagents. Saline solution was rived from these bacteria. Amongsubjccts forwhom 
centrifuged at 14,000xflforl0 minutes, and the su- only single baseline samples were evaluated Oa- 
pernatant was discarded. The pellet was digested ble 1), those without bacterial vaginosis had a mean 
with the use of tiie QIAmp stool kit CQiagen) with a of 3.3 bacterial phylotypes per library (range, 1 to 
SSX lysis step according to the manufacturer's in- G), Lactobacillus species were the dominant bac- 
structions. Methods for broad-range PGR. of IGS teria detected (S3 to 100 percent of clones per li- 
rDNA, bacterium-specific PGR, and fluorescence brary; mean, 97 percent), particularlyL mspatuiand 
in situ hybridization (FISH) are described in the L. incns. Most bacterial 16S rDNA sequences in sub- 
Supplementary Appendix {available with the full jects without bacterial vaginosis closely matched 
text of this article atwww.nejm.org). known bacteria. 

Broad-range bacterial PGR. analysis oflGS rDNA 
STATISTICAL ANALYSIS fj-om the Vaginal fluid of subjects with bacterial 

The samples ofvaginal fluid were assessed as they vaginosis showed a high level of species diversity 
were obtained, and the decision to stop the analy- (Table 1), with a mean of 12.6 bacterial phylo- 
sis at 73 subjects was made on the basis of data types per libraty of clones (range, 9 to 17) a level 
showing diat there were statistically significant as- significandy higher than that in subjects widiout 
sociations between die detection of several bacteri- bacterial vaginosis (P<0.001). Overall, newly recog- 
al species and bacterial vaginosis. Differences in die nlzed bacterial phylotypes (bacteria widi 16S rDNA 
number of taxa detected in bacterial vaginosis and that had <98 percent similarity to known sequenc- 
control libranes of clones were assessed with the es) were present in 58 percent of clones per libraty 
use Dfdie Mann-Whitney U test Univariate associ- derived from bacterial vaginosis samples (range, 
ations between die detection of individual bacteria 32 to 89 percent). 

bybacterium-speciGcPGRandthepresenceofbac- L.crispatiislGS rDNA was not detected in librar- 
tenal vaginosis were measured with Fisher's exact ies of clones from subjects with bacterial vaginosis, 
test and SPSS software (version lO.l .4), and e.vact whereasL incr^ was detected in most subjects. G. vag- 
contidence intervals were calculated with the use of inaliy was detected in all bacterial-vaginosis clone 
State software (version 8.2). Multivariate logistic- libraries and M. mulims in one library. Mycoplas- 
regression analysis was performed widi die use of ma species were not detected in any clone libraty, 
LogXactsofhvare (version 4.0.2), and covariates, in despite sequence homology with the broad-range 
addition to individual bacteria and combinations PGR primers of 16S rDNA that were used. Other 
of bacteria according to bacterium-specific PCRin- bacteria frequendy detected in subjects with bac- 
cluded the age of die subject, the clinical site of en- terial vaginosis included Atopobium vaginae, two 
rollment, the presence or absence of a report of megasphaera species, two distinct dialister phylo- 
abnormal vaginal discharge, and die presence or ab- types, Leptotrichia ammonii and the related bacteri- 
sence of a report of having had sex with men. All um Snmthia sanBuineaeus, Porphywmonas asaahara- 
tests for significance were two-sided, and P values (j/tira, and a bacterium distantly relatEd to Eggerthella 
of less than 0.05 were considered to indicate statis- honakongmsis (92 percent sequence similarity). Nine 
ucal sigmficance. different bacteria related to prevoteUa species were 

. detected. Three phylogenedc clusters of these bac- 

RESULTs teria were only distandy related to known prevo- 

~~ ■ ■ tella species (<95 percent sequence similarity), 

Of the 73 enrolled women, 27 had bacterial vagi- and we have designated diese clusters prevotella 
nosis at baseline and 46 did not (see Table 1 of the genogroups 1, 2, and 3 on die basis of shared se- 
Supplementaiy AppendbO. Slightly more than half quences within each group. Less frequendy detect- 
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1. Bacteria IdMd by Bread-Ranee 16S rONA Pplymnrase Chain Reactron \n \ft.glnal Fluid from Subjecto with Bacterial VaglnD sis and 
Broad-RaneelKrDNAPCfiClane. Suhiectswith BV Control Subject, without BV 



2 3 4 5 6 7 



L jensenii 



Stop/iy/ococcus epidemidis 



S. lugdunemh 

Qostridium perfrlngens (96%) ABa452a6 
Ureaphsmo panmm 

Gardnerella vagmtls 
Uncultured AB034121 (90.G%) (BVABl) 
Uncultured AF'107407 (90.9%) (BVAB2) 
Uncultured UL027S163 (92.9?&) (BVAB3) 

Atopobium vaginae j i j j ii 

Leptotrichia amnionii 6 2 8 1 3 lo 10 

Megasphaem elsdenii {B3.i%) MOiim 4 10 7 i is 3 2 13 

M. micronudfomis (94.6%) AF4 73833 j 

" ' ■ >s!s (91.8%) AY288517 2 2 2 1 4 1 3 g 



1 3 3 11 11 



Dialister species (o) 
Diallster species {/3) (94.8%) AF3 71693 
Sneotbia sanguinegens 
Prevotella genogroup 1 
Prevotella genogroup 2 
Prevotella genogrtiup 3 
P.bMa 
P. buccalis 

P. dentalis (93.2%) XB1876 

P. disiens 

P. oulamm [90.6%) U6472 
P. shahii [90.7%) AB108825 
Uncultured 4aSd-23 (91.2%) AB034149 
Candidate division TiM7 (93.7%) AF125206 
Mobiluncus mulieiis 
Peptoniphilus lacrimalls 
Peptoniphilus species 

Peptostreptococcus micros (97.8%) AF542231 
Gemella bergeriae (95.8%) Y13365 
AerococcLts specJes 
Anaerocaccus tetradius 
Uncultured (89.8%) AF371910 
Uncultured (88.4%) AJ40O235 
Veiilonella species 



ta?nTH r 1 1 ■ f P^^'°^P^ °r species {rows Is displayed for each sample library (column). Single vaginal-fluM samples were 
in BV-Lb°ecte subsequent samples, and whether subjects had bacterial vaginosis at that visit (BW) or did not 
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„ ■ I "'""f i^^^"""" f'^^^^^l vaginosis (BV) and eight controls without BV. Multiple vaginal-fluid samples wem ob- 
b^I^lriJTu^t^n™"' ',pw'rTU?'"T^ '°"Ei«udinal study, rows above the sample designation indicate the interval 
have bacterial vaginpsis (BV-). Thirty-five species of bacteria were detected In BV+ subjects and 12 species were delected 
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1 AH034I21 UncuHurcd rumen bacterium 

' BVABl 










Inferred on the Basis of Aligned 16S rDNA Sequences vi/itii the Use of 
a Maximum-Likelihood Algorithm. 


Bacterial yaginpsis-assodaled battErium 1 (BVABl), BVABZ, and BVAB3 are 
related to bacteria in the Clostridium phylum, though they are not close!)' re- 
(ated to any bacterium with known 16S rDNA sequence. Horizontal distances 
indicate evolutionary relatedness, and the bar represents 0.1 base.changes 
per nucleotide position. GenBank accession numbers are provided for uncul- 
tured. bacteria. 



ed bacteria included members of theTAI? division 
of uncultivated bacteria and bacteria in die pep- 
toniphilus, peptostreptococcus, gemella, aerococ- 
cus, anaerococcus, and veillonella genera. 

Three newly recognized bacteria were detected 
only in libraries of clones from subjects widi bac- 
terial vaginosis, and we have provisionally named 
these organisms bacterial vaginosis-associated 
bacteria (BVABJ 1, 2, and 3. Identical 16S rDNA 
sequences from these bacteria were detected in 
numerous bacterial vaginosis sample libraries. A 
pfaylogenetic tree depicting the evolutionary rela- 



tionsliips among these bacteria and their closest 
relatives, inferred on the basis ofaligncd 16S rDNA 
sequences, is shown in Figure 1. BVABl, BVAB2, 
and BVAB3 are related to bacteria in the Clostridi- 
um piiylum but arc not closely related to any bacte- 
ria widi Icnown 16S rDNA sequences. Forinstance, 
les rDNA from BVABl is only 90.6 percent similar 
to die closest sequence in GenBank (GenBank num- 
ber AB034121), wliich is derived from an uncuiti' 
vated bacterium detected in bovine rumen. 

Figures 2, 3, and 4 are a series of rank-abun- 
dance plots identifying the bacterial 16S rDNA se- 
quence types detected in vaginal fluid and their fre- 
quency in six clone libraries from Table 1. Results 
from sequential, prospectively obtained samples 
are displayed for two subjects. In one subject, lac- 
tobacilli predominated at baseline, when bacterial 
vaginosis was not present, but diey were replaced 
by a diverse community of bacteria when bacterial 
vaginosis was detected two months later. In die sec- 
ond subject, who had bacterial vaginosis at baseline, 
the diverse community of vaginal bacteria shifted 
to a predominance of lactobacilli one month after 
successful treatment of bacterial vaginosis. 

Table 2 shows the results of bacterium-specific 
PGR assays of 73 samples of vaginal fluid from sub- 
jects with or without bacterial vaginosis at baseline. 
BVABl was found in 41 percent of bacterial-vagi- 
nosis samples witii die use of bacterium-spedfic 
PGR but was present in up to 66 percent of clones 
per library (Table 1). BVAB2 was found in 89 per- 
cent and BVAB3 in 41 percent of bacterial-vagi- 
nosis samples by specific PGR, but unlike BVABl, 
these bacteria were not predominant in 16S rDNA 
clone libraries from subjects with bacterial vagi- 
nosis. BVABl, BVAB2, and BVAB3 were highly spe- 
cific indicators of bacterial vaginosis. Two subjects 
without bacterial vaginosis at baseline had positive 
PGR assays for diese bacteria (BVABl and BVAB2 
in one and BVABl and BVAB3 in the other), and 
bacterial vaginosis developed in both witiiin a few 
mondis after these tests. 

Detection of leptotrichia spedes was also very 
specific for bacterial vaginosis. Although G. vasi- 
nalijwas present in all subjects witii bacterial vag- 
inosis according to bacterium-spedfic PGR, it was 
also found in 59 percent of subjects without bacte- 
rial vaginosis. Otiier bacterium-specific PGR assays 
showed thatatopobium species, megasphaera spe- 
des, and an eggerthella-like uncultured bacterium 
were detected in a high percentage of subjects with 
bacterial vaginosis, and these assays had moder- 
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n« '^L'^"'"*'"'"''!'"* ^""^"^ Percentages ofCfones In the Library Corresponding to Specific Bacterial 
16S rDNA Sequences in a Subject befare (Panel A) and after [Pane! B) the Onset of Bacterial Vaginosis. 
The labels on the x axls In each panel display the percentage of stmilarUies between the cloned 16S rDNA sequences and 
themostsiiTiilar l^^rDNA sequences In GenBank. Vagina! bacteria detected In one subject with the use of broad-range 
"""" - shown. UlctolraeitfuscrafMtus was replaced by a complex consortium of badefia.BVAB 

"'--'bacterium. 



ate specificity for bacterial vaginosis. Detection in 
the vaginal fluid of each of the bacteria listed in Ta- 
ble 2 was significantly associated with bacterial 
vaginosis {P<0.001). Combinations of bacterium- 
specific PGR. assays did not substantially improve 
sensitivily or specificily, except for die combination 
of BVABl and BVAB3, which yielded 100 percent 
specificity, and the combination of BVAB2 and me- 
gasphaera, which yielded 100 percentseasitivity in 
this small series. 

FISH was performed on vaginal fluid to deter- 
mine whether the bacteria detected with the use 
of PGR were visible by fluorescence microscopy. 
Table 1 of die Supplementary Appendix shows the 
probes used, and Figure 5 shows fluorescence mi- 
crographs of vaginal fluid from subjects widi bac- 
terial vaginosis. Thin, curved bacteria hybridizing 
witii the BVABl probe were found at high density 
in vaginal fluid from subjects with bacterial vagino- 
sis whose 16S rDNA clone libraries had significant 
BVABl representation. The BVABl probe did not 
hybridize widi cultivated relatives of BVABl in the 
Clostridium phylum, including Lachnobatterium bo- 
vis and Eubacterium mmulm, demonstrating its spec- 



ificity. In contrast, under fluorescence microsco- 
py, BVAB2 appeared to be a short, straight rod ±at 
was wider than BVABl, whereas BVAB3 was a rela- 
tively long, wide, straight, lancet-shaped rod. Thus, 
BVABl, B.WB2, and BVAE3 have distinct morpho- 
logic features; are easily distinguished from other 
bacteria associated with bacterial vaginosis, such 
as atopobium, mobiluncus, and gatdnerella species; 
and are found attached to vaginal epithelial cells in 
a way diat is typical of the clue cells diat character- 
ize bacterial vaginosis. 

DISCUSSION 

In this study, molecular analysis of die vaginal bac- 
terial flora showed considerable bacterial diversi- 
ty in subjects who had bacterial vaginosis, with 35 
bacterial phybtypes detected in die 16 baseline and 
longitudinal samples from subjects wi± bacterial 
vaginosis. Sixteen bacterial species detected in sub- 
jects with bacterial vaginosis seem to be newly rec- 
ognized on die basis ofpoor homology with loiown 
IGS rDNA sequences in GenBank. Numerous bac- 
terial genera identified in this study have not, to our 
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knowledge, been previously detected in die vaginal 
milieu with the use of cultivation metliods. We 
found no single bacterial community in all subjects 
vnth bacterial vaginosis, but common consortia of 
bacteria were evident In contrast, subjects without 
bacterial vaginosis had reJatively homogeneous vag- 
inal flora, and bacterial 16S rDNA sequences close- 
ly matched known cultivated bacteria m the lacto- 
bacillus genus. 

The cause of bacterial vaginosis remains enig- 
matic. No single bacterium has been shown to cause 
the disease, and many cultivated bacteria linked to 
bacterial vaginosis, such as G. uagimlis, frequendy 
colonize the vagina of women widiout bacterial 
vagmosis.^i Our study identified several new bac- 
terial species associated with bacterial vaginosis, 
but such associations do not prove causation. Addi- 
tional molecular evidence may be required to assess 
causal associations with uncultivated bacteria.^^ 
Furthermore, the scenario of disease causation 
by a microbial community defies the traditional ap- 
plication of Koch's postulates. Bacterial vaginosis 
may be an example of polymicrobial disease cau- 
sation due to the metabolic interdependence of 
several bacterial species in the vaginal niche. 



The presence of BVABl, BVAB2, or BVAB3 was 
highly specific for bacterial vaginosis in our sub- 
jects, and BVAB2 was found in 89 percent of sub- 
jectswi± bacterial vaginosis. We have not cultivated 
these microbes, and the 16S rDNA sequences from 
these bacteria are related only distantiy to ivnown 
bacteria; tlierefore, we have not suggested species 
or genus designations. Atopobium, leptotrichia, 
megasphaera, and eggerthella-Iike bacterial spe- 
cies were found in a high percentage of subjects 
who had bacterial vaginosis, according to bacteri- 
um-specific PGR. The presence of atopobium was 
less specific for bacterial vaginosis than was the 
presence of BVABl, BVAB2, or BVAB3. Several 
groups have detected A. vaginae 16S rDNA in vagi- 
nal fluid firom subjects with bacterial vaginosis and 
have suggested a role of tijis bacterium in bacterial 
vaginosis,2'«-2'i although this organism has also 
been detected in subjects witiiout bacterial vagino- 
sis.^'' As these assays are used in larger groups of 
women with bacterial vaginosis and those witiiout 
bacterial vaginosis, tiieir performance characteris- 
tics should be refined, and they eventually may prove 
useful for the microbiologic diagnosis of bacterial 
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a 100- 
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Bacterial IGS rDNA Sequence 



S'rDNAS^!^''"''-''''''^^*'*^'"^ Numbers rifaon«.!.i the U|>rary 

Srngle vaglnal-nuid sahiples were studied from nine subjects with bacterlar vagrnosis (BVl through BV9). Panel A shows 
vaginal bacteria present In a subject who had bacterial yaglriosisrnvhidiBVABl was the dominant bacterial 16S rDNA 
oS"^^ J • "^'^ results from a 42p.cione analysis from one subjert with bacteria! vaginosis. BVABl, 
BVAB2, and BVAB3 were present In this library, along with 18 other bacterial species. 



This Study has several Umitadons. First, broad- study does not amplify 16S rDNA from bacteria in 

range 16S rDNA primers wiU notampIifyDNA ftom the chlamydia genus. 

every Icnown and unknown bacterial species. For Second, our findings may not be generallzable 

mstance, the Bact-338F primer used in die present to all women with bacterial vaginosis, and the as- 
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* Tlie values represent assays of baseline vaginal-fluid samples, with odds ratios and exact 95 percent confidence Intervals unadjusted and ad- 
justed tor subject age, site of dinic enrollment, presence or absence of a report of abnormal vaginal discharee. and presence or absence ofa 
report of ha\ring had sex with nnen. BVAB denotes baaer lal vaglnosls-assodated bacterium. 

t The odds ratio either could not be computed or could not be computed accurately because the value approaches Infinity. 

sociation between the bacteria detected in this study profiles among difFerentrisic groups ofwomen with 
and bacterial vaginosis should be assessed in larg- bacterial vaginosis, including pregnant women, pa- 
ct numbers of women widi diverse demographic tients at gynecologic and STD clinics, and lesbi- 
characteristics and other risk factors for the dis- ans.'o-zB-ao 

ease. However, conventional methods of cultiva- Third, analysis of 100 16S rDNA clones per sam- 

tion have yielded remarkably similar microbiologic pie library may miss certain bacterial 16S rDNA se- 
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Figure S, Fluorescence Micrographs of Vaginal-Fluid Smears Analyzed by FISH with Labeled Oligonucleotide ^obes 
Targeting Bacterial rRNA, with Enlargements Sliown in Insets. 

Vaginal fluid from Subject 6 in tlie group of women with bacterial vaginosis (Panel A) shows a field of bacteria hybridiz- 
ingwitli probes far BVABl (green), BVABZ (red), and other bacteria (stained with'l',6-diamidine-2-phenylindole, diliy- 
drachloride pAPI[, blue}. The inset in Panel A shows that BVABl is a ihin, curved rod. A sample from the s.nme subiect 
shows bacteria attached to a vaginal epithelial cell (Panel B). These bacteria include organisms hybridizing with probes 
for BVABl (green) and BVABZ (red). The cell nucleus is stained with DAPi (blue). The inset in Panel B shows that BVAB2 
is a short, wide rod (red). The bacteria attached to a vaginal epithelial cell in sample Ub (Panel q hybridize with the 
^prpbe for aVAB3 (red). Other bacteria and /ludoar dohris ^tain with DAPi (blue). The inset in Panel C shows that BVAB3 
is a long, lancet-shaped rod. In Panel D, aclumporbactfria from sample L4b shows manycoccoid cells hybridizing with 
theatopoblum probe (red) and other bacteria hybridizing with the broad-range bacterial probe £ub338 (blue). In Panel 
E, in sample L-fb, bacteria hybridize with a probe for BVABl (green) and mobiiuncus (red) , but the broad-range bacterial 
probe Eub338 hybridizes with other bacteria (blue). The inset in Panel E shows that mobiiuncus (red) is larger than BVABl 
(green) but both are small, curved rods. In Panel F, a sample from Subject 7, who had bacterial vaginosis, shows the rel- 
ative proportions of BVABl (green), Cardnerclb vaginalis (red), and other bacteria (DAPI, blue). G. i^igmflte and BVABl 
were the most common clones detected in the broad-range PCR library generated from this sample. 
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quences present at low frequency in vagina! fluid. 
Although numerous statistical approaciies can be 
used to assess species riclmess, we explored the ef- 
fect of increasing the size of a library from 100 to 
420 clones in one sample obtained from a patient 
with bacterial vaginosis (BV7) tliat was suspected 
to contain additional species diversity on die basis 
of the 5 single clones in the lOO-clone library. We 
found that 415 of 420 clones identified [98.8 per- 
cent; see Fig. 4B) were identical to clones previous- 
ly detected in the tOO-clonelibrary {Tablel, sample 
BV7), Five additional bacteria were presentas single 
clones in the expanded library, increasing the total 
number of phylotypes detected from 16 to 21. 

Fourdi, different bacteria have different num- 
bers of 16S rDNA genes per genome, and thus tiiere 
is not a one-to-one reladonship between the num- 
ber of 16S rDNA clones detected by PCH and the 
number of bacteria present in a sample. Further- 
more, the percentage of clones in a library should 
not be interpreted to indicate absolute bacterial rep- 
resentation, because the PGR assay is subject to am- 
plificadon bias and the reaction was not stopped 
in the exponential phase, when it is most quanti- 



tative. Quantitarivc PGR and FISM metliods can be 
used to assess bacterial representation more accu- 
rately, although one needs to know the number of 
rRMA operons per organism to make quantitative 
PCRof 16S rDNA reflect absolute bacterial counts, 
and these data are lacking for most of tlie organ- 
isms in our study. 

In conclusion, bacterial vaginosis in our sub- 
jects was associated with complex vaginal bacteri- 
al communides that included many newly recog- 
nized bacterial species that have not previously been 
detected with conventional cultivation techniques. 
We identified diree bacterial species in die Clostridi- 
ales order that were highly specific for the presence 
of bacterial vaginosis and only distantly related to 
known bacteria. 
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^pdS ° ^ '"^^ investigate gene expression profiles ofpost-menopausal women receiving Premarin estrogen replacement therapy 
finHW TT^nHT ' '"^ ^ '"^ correlations between the bacterial vaginosis {BV^ status of the subjects. Based upon an expected 

finding of a 50-60% difference between gene expression of host antimicrobials with alpha = 0.05 (2-sided), beta = 0.20 the calculation of 7 suh- 
f ,, ?f '0 subjects receiving Ptemarin estrogen replacement therapy and 1 0 healthy, age-matched controls. Vaginal 

nr,H„! .Tv '° , ? " "'"E'e timepoint and processed for RNA recovery and Aflymelrix array analysis, as well as Nugent scoring and de- 
naturing gradmnt ge electrophoresis to tdentify bacteria. Lactahacilht, mars was the mast commonly detected species in the normal flora and this 
was confirmed wnh L. ,„er.f-spec.fic PGR method. Vaginal swabs from 6 Premarin and 8 control vaginal samples provided a non-invasive means to 
analyze human gene expression. There was no significant up-regulation ofcancernossociated gene expression in imbject receiving Premarin ERT, 
but some evidence that the potentially protective innate immunity was reduced in patients with BV. Of those with a normal flora, there was a 2-foId 
down-regulaoon of carcmoma ^sociated forkhead box A 1 gene expression. BV was associated with 7-foId down-regulation of host antimicrobial 
colony stimulatrng factor. -9.83-fold for IL-1 a. -8.33 for IL-1 p and -3.63 for \L^. This is the first study to use gene amiys to correlate changes 
in host expression response to estrogen replacement therapy and BV. 
© 2008 Elsevier Masson SAS. All rights reserved. 

Key^\<ords: Vaginal gene expression; Bucierial vaginosis; Lactobuoilluii; Premarin; Estrogen replacement therapy 



1. Introduction 

Oral conjugated estrogen has long been prescribed to com- 
bat the drop in hormone levels following menopause and the 
associated adverse side-effects, such as loss of bone density 
and other hormonal fluctuations. Premarin, the conjugated 

* This study was reeisiered us a clinical trial at lilin:/Av\vw.cllnicultriii|ii uov. ; 

♦ CorrespDnding author. Canadian R&D Centre for Probiotics, Uwson ' 
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estrogen, is by far the most widely used hormone replacement 
therapy, with approximately 12 million users in 2001 within 
the United States alone [!]• Controversy about the benefits 
of estrogen replacement therapy (ERT) arose in 2002 when 
the Women's Health Initiative (WHI) prematurely stopped 
a large-scale trial of estrogen plus progestin on postmeno- 
pausal women after an increase in breast cancer and coronaiy 
heart disease Incidence was noted; 26% and 29% increase 
respectively [2]. Since the WHI report was released, many 
independent studies have emerged to show estrogen therapy 
coupled with progestin therapy has a profoundly different 
eifect on women than just estrogen therapy alone, reporting 
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that estrogen alone has a lower incidence of breasi cancer 
13.41. Despite these findings, conjufiated estrogen tiierupy in 
still acknowledged as the best treatment for symptoms arising 
from menopausal-related decline in hormones inciudini; vaso- 
motor symptoms, incontinence, weight gain, uccelerated bone 
loss and changes in the vaginal mucosa 

One of the benefits of ERT is a restoration of the Lactoha- 
cil/us microbiota in the vagina |f),71 and concurrent reduced 
incidence of urinary tract infections KS|. The loss or depletion 
of lactobacilli and replacement with various pathogenic organ- 
isms, such as GardneUa vasina/h, Prcvotcita species, Myco- 
plasmas species, Mobilimais species, or Alopohiuni, results 
in a condition called bacterial vaginosis (BV) [9-11 1. 

By affects a large portion of the female population 1 12] and 
can incur various other adverse outcomes such as preterm 
labor and low birth rate, increased susceptibility to HIV and 
other sexually transmitted infections, pelvic inllammatory dis- 
ease, and urinary tract infections [13-16]. 

The emergence of microarray genechip technology has 
provided an opportunity to study the impact of drugs on host 
tissues. Through extensive statistical data analysis software, 
it is possible to track changes in the expression of any gene 
across experimental conditions, or take a more genome-wide 
approach to search for any emerging patterns between genes 
in a given organism or site [17]. 

The aim of the current study wa.s to investigate gene expres- 
sion profiles of post-menopausal women receiving Premarin 
ERT compared to women not taking any such therapies, and to 
examine any correlations between the BV status of the subjects, 

2. Materials and methods 

2.7. Sample collection 

Vaginal epithelial cell samples were collected from 20 
women; 10 on oral Premarin ERT for at least two months, 
10 not on any HRT, at the Victoria Family Medical Clinic in 
London, Ontario, The protocol was approved by the Ethics 
Review Board at the University of Western Ontario. Swabs 
were placed in 15 mL tube containing 3 mL of PAXgene 
stabilizer media, and suspended in solution by vortexing for 

4 s. Samples were incubated for 24 h at room temperature 
before RNA extraction with MasterPure™ Kit (Epicentre Cat 
# MCR85102), The samples were divided into I mL aliquots 
centrifuged for 10 min at 13,500 x5 and the supernatant 
was removed. The pellet containing the sample was then 
resuspended in 1 mL of DEPC water, centrifuged again for 
10 min at 13,500 x g, and the supernatant was poured off. 
The cell population was over 90% epithelial cell in content, 
based upon microscopy. 

2.2. Cell lysix and protein precipitation 

The cells were lysed by adding 4 jiL of 50 pg/jiL Protein- 
ase K and 300 nL of Tissue and Cell Lysis Solution and incu- 
bating in a water bath at 60 °C for 50 min, vortexing every 

5 min. The samples were then placed on ice for 5 min. To 
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precipiiale out the proteins 150 jiL of MPC Protein Precipita- 
tion Reagent wa.s added and vortexed for 10 s, then separated 
out by vortexing for 10 min at 10,000 x m kept at 4 °C. 

2 J. Total mwleiv acid precipitation mid RNA isolation 

The supernatant wim transferred lo a clean microfuge tube 
and 500 |.iL of isopropanol was added and mixed by inverting 
40 times. The lolal nucleic acids were pelleted by vortexing 
for 15 min at 10.000x5 kepi at 4''C and the isopropanol 
was carefully poured off and allowed to cvaporale. Next, lo 
remove the DNA from the .sample 5 pL of DNasel and 
1 95 (.0. of 1 X DNase buffer was added to the sample. The pel- 
let was resuspended and allowed to incubate at 37 °C for 
30 min. Then 200 iiL of 2x T and C Lysis Solution and 
200 fiL of MPC Protein Precipitation Reagent were added 
and vortexed for 10 s then placed on ice for 5 min. Debris 
was pelleted by centrifnging tubes for 10 min at 10,000 x g. 
The supernatant was kept by transferring to a clean microfuge 
tube and 500 pL of isopropanol was added to precipitate the 
remaining RNA and mixed by inverting 40 times. The purified 
total RNA was pelleted fay centrifiiging at 10,000 x g for 
15 min at 4''C. The i-sopropanol was carefully poured off 
and allowed to evaporate. Tlie pellet was then washed with 
75% ethanol and allowed to dry. Finally, the total RNA pellet 
was resuspended in 20 pL of DEPC water and 35 jiL of TE 
buffer by vortexing. RNA purity and concentration was veri- 
fied by measuring the absorbance of RNA samples diluted in 
DEPC water at 230, 260 and 280 nm. Any samples yielding 
less than 100 ng of RNA were excluded. All samples were 
kept frozen at -70 "C until testing. 

2.4. RNA quality assessment, probe preparation and 
GeneChip hybridization 

All GeneChips were processed at the London Regional Ge- 
nomics Centre (Robarts Research Institute, London, Ontario, 
Canada; http://www.lrgc.ca). RNA quality was assessed using 
the Agilent 2100 Bioanalyzer (Agilent Technologies Inc., Palo 
Alto, CA) and the RNA 6000 Nano kit (Caliper Life Sciences, 
Mountain View, CA). 

Biotinylated complimentary RNA (cRNA) was prepared 
from 100 ng of total RNA as per the Affymetrix GeneChip 
Technical Analysis Manual (Affymetrix, Santa Clara, CA) 
using the two-cycle amplification protocol. Double-stranded 
cDNA was synthesized using SuperScriptll (Invitrogen, Carls- 
bad, CA) and oligo(dT)24 primers. Biotin-labelcd cRNA was 
prepared by cDNA in vifro transcription using the BioArray 
fCgh-Yield RNA Transcript Labeling kit (Enzo Biochem, 
New York) incorporating biotinylated UTP and CTP. Then 
15 fig of labeled cRNA was hybridized to HGU133 Plus 2.0 
GeneChips for 16 h at 45 °C as described in the Aflymetrix 
Technical Analysis Manual (Affymetrix, Santa Clara, CA). 
GeneChips were stained with Streptavidin-Phycoerythrin, 
followed by an antibody solution and a second Streptavidin- 
Phycoerythrin solution, with all liquid handling perfonned 
by a GeneChip Fluidics Station 450. 
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25. GaneCliip scaiinhift tnid ilata tinalysix 

GeneChips were scanned with the Affymctrix GencCliip 
Scanner 3000 (Affymctrix, Santa Claru, CA). Signul intensi- 
ties for genes were generated using GCOS1.4 (Affymetrix 
Inc., Santa Clara, CA) using default values for the Statistical 
Expression algorithm parameters and a Target Signal of 150 
for all probe sets and a Normalization Value of 1. 

Probe level data was imported into GeneSpring GX 7.3,1 
(Agilent Technologies, Palo Alto, CA) using the RMA 
preprocessor. 

2.6. Nugent tests 

An 8 jiL drop of sterile water was placed on a glass slide 
and a vaginal swab sample was rolled across gently and left 
to air dry. The slide was then Gram stained and viewed under 
oil immersion with a microscope. The bacteria! morphotypes 
were then assessed and scored using a previously described 
Nugent scoring system; A score of 0-3 was interpreted as 
consistent with a Normal Gram positive rod dominated micro- 
biota, a score of 4-6 as Intermediate, and a score of 7-10 was 
considered consistent with BV-like conditions in which die 
samples were dominated by small Gram negative and Gram- 
variable straight and curved rods [IS]. 

2.7. PCR-DGGE analysis 

DNA was extracted from vaginal swabs by InstaGene™ 
Matrix (Bio-Rad Labs, Hercules, CA), amplified by PCR using 
both lactobacilli-specific primers and universal eubacterial 
primers, and denaturing gradient gel electrophoresis (DGGE) 
was performed followed by band sequencing, as described 
previously [19]. 

2,5. Species-specific primers for Lactobacillus iners 
and Gardnerella vaginalis 

Recently developed primers specific for L. iners by 
Alqumber et al. 2007 [20] were used. The PCR primer pair lin- 
ersFW (5'-GTC TGC CTT GAA GAT CGG-3') and linersREV 
(5'-ACA GTT GAT AGG CAT CAT C-3') were used. The cho- 
sen primers are based upon posidons 42-101 and 162-221 of 
the sequence AY283264. For G. vaginalis, these specific 
primers, F-GVI, 5'-TTACTGGTGTATCACTGTAAGG-3', 
and R-GV3, 5'-CCGTCACAGGCTGAACAGT-3' were used 
[21]. All the primers were synthesized by Invitrogen-IIlumina 
(Invitrogen, Canada). The PCR conditions followed the same 
procedure as previously described [ 1 9]. 

2.9. Real-time quantitative RT-PCR using GAPDH as 
a 'house Iceeping' interna! control gene 

In order to confirm some of the findings, a select group of 
genes were investigated for quantitative changes in their 
expression. The total RNA isolated from the vaginal swabs 
was removed from -80 "C and the real-time qRT-PCR 



performed in two steps with reverse transcription converting 
the RNA to cDNA, using random hexamers followed by spe- 
cilic real-time PCR. 

2.10. Reverse transcription 

Reverse transcription was carried out with the superscript 
lirst-sirand .system. Brielly, in each tube (0.2 ml PCR tube) 
the total RNA (5 pg) from the samples and primer mixture 
comprising of 3 ^il of random primer oligonucleotides (hexam- 
ers) (50ng/nl), and lOmM dNTP (1 ^1) was added and the 
mixture was made up to 10 n\ with DEPC H2O, The samples 
were incubated at 65 "C for 5 min and then on ice for 3 min. 
Thereafter, (he reaction ma.ster mixture comprising of 
lOxRT buffer (2^1), 25 mM MgCl, (4^1), O.I M DTT 
{2 III) and RNAaseOUT (1 jd) was prepared for each sample. 
The RNA/primer mixture was added to the reaction master 
mixture mixed briefly and placed at room temperature for 
2 min. This was followed by addition of 1 ill (50 units) of 
Superscript II RT (Invitrogen, Canada) to each sample and 
subsequently incubated in a temperature master cycler at 
25 °C for 10 min, 42 °C for 50 min. 70 °C for 15 min and 
Uien chilled at 4 "C. The first strand cDNA was stored at 
-20 "C for sub."!equent real-time PCR. 

2.1J. Quantitative real-time PCR 

The relative gene expression level was determined first by 
normalizadon to Human GAPDH {Glyceraldehyde-3-phos- 
phate dehydrogenase), which is one of the most commonly 
used housekeeping genes. The GAPDH primers O-UX™) 
{Invitrogen, life technologies, Canada) are a set of sensidve 
primers for performing real-time (quantitative) PCR. The 
primer pair includes a fluoregenic (FAiW-labelled) primer 
and a corresponding unlabelled primer, which designed to 
amplify and detect a specific gene of interest (Table 1). 

Before the RT-PCR, each gene of interest was initially 
optimized by conventional PCR with die gene specific 
primers. The samples widi PCR product was dien chosen to 
generate a standard curve for each gene. 

2.]2. RT-PCR set up 

The iQTM SYBR Green Supermix (Bio-rad) was used 
involving 10 pi per reaction, 100 nM of each of the primers, 
1.0 of cDNA and sterile water (DEPC HjO) to a total 
volume of 20 nl per tube. The standard curves were generated 
by serial dilutions (1:10) using the PCR products for the 
GAPDH and the specific genes. The RT-PCR followed a pro- 
gram in Rotor-Gene 6000 (Corbett Research, Australia) for 
initial denaturation at 95 °C for 5 min and cycling at 95 "C 
for 10 s, annealing at 60 °C for 15 s and extension for 20 s. 
the cycle was repeated 35 times. Finally the products were 
melted with temperature from 72 "C to 95 °C rising by 
1 °C each step. The relative value of die gene expression 
was quantified with the Rotor-Gene 6000 soft-ware veision 
1.7.75. 
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Table I 

Primer pairs uswl li>r \\w Ifl-l'CIl liir ci 



Secrctoglobulin 
IL-Ibela 
Lactolninfifcrrtn 
BCAS-t 



I'riiiier 



Kcvtrsc 
I'Hrwarii 
Reverse 
Ktirwiinl 

Fiinviird 
Reverse 



CrOAGCrCACAGCAAAAC 

GACaOGGCAGAAC 

lACGAATCrcCGACCACCACIACAG 

•rGGAGGTGaAGAGCri'irAGTTCATATG 

CrCCAGACCGCAOACATGAA 

CrGGGAGGAGAAGOCACAlT 

AGAAGGAa'GGAGACTGCAAAG 

TAAGGTCAGCTGAAGTGGTGG 



3. Results 

3.1. Bacteria-vaginal samples 

Lactobacillus iners was the predominant LaclohacHliis 
found in over 50% samples {Table 2), and all samples receiv- 
ing hormone therapy had one or more species of Lactobacillus, 
whereas half of the control samples contained no detectable 
amounts of these species (data not shown). The predominance 
of Lactobacillus iners was confirmed with species-specific 
primers. Among the Premarin group 6 out of 10 (60%) had 
L. iners, while in die control group 5 out of 10 (50%) had 
L. iners. From the ten Premarin samples seven had a normal 
Nugent score of 0-3, three had an intermediate score of 4-6, 
Table 2 

Summary of Nugenl scores and bBcterial speciEs recovered from vualtiul 
samples 



Controls Nugent Ijictabaciili 



of Linen 
with specific 
primers 



vaginalis 
specific 
primers 



8001 


BV 




Negative 


8002 


Normul 


L. iners 


Positive 


8004 


BV 




Negative 


8005 


Normal 


L. aispatus 


Positive 


8009 


BV 


L. iners; 


Positive 






L,. jfnscnii 




801] 


BV 




Negative 


8014 


Imermcdiaic 




Negative 


SOI 6 


Normal 


L. iners; 


Positive 






L. crispauis 




8017 


Normal 


L. iners 


Positive 


8019 


BV 




Negative 


Premarin 








8003 


Intermediate 




Negative 


8006 


Normal 




Positive 



sp. 

S0D7 Normal L. iners 
8008 Normal L. gasseri; 

L. iners 

8010 Intermediate Ujensenli 

8012 Imermediate t. //rerjT,- 

L. jeiuenil 

8013 Normal L. iners; 

L, crispaliis 
8015 Normal L. crispatus 
B018 Normal twiners 
8020 Normal 



Negative 
Positive 
Negative 



E. call Negative 

S. agalaciiae Negative 
Positive 

G. vaginalis; Positive 

S. agalactiae 

S. asalacliae Negative 

S. agalactiae Negative 
Positive 

Positive 
S. agalaciiae Negative 

S. asalacliae Positive 
Negative 



Negative 

S. asalacliae Negative 
S. agalactiae Negative 

Negative 

Negative 
Negative 
Negative 



and none had BV score of 7-10. In conlrast, the control 
.samples not receiving hormone tiierapy had four normal 
scores, one intermediate, and live with BV. The difference 
in the distribution of the Nugent scores (Normal :Inter- 
mcdiate:BV) between controls and Premarin-treated subjects 
was statistically significant {/' = 0.033) (using Pearson 
Chi-Square, SPSS 14 for Windows, SPSS Inc. Chicago, 
IL). Among the 5 controls who had BV, 4 (80%) were neg- 
ative for L. iners, while only 4 of out 10 (40%) in the Pre- 
marin group were negative for L. iners. The DGGE testing 
did not uncover the most prominent anaerobic organisms as- 
sociated with BV, and this may have been due to the selec- 
tion of eubacleria primers used. However, using PGR 
species-specific primers led to retrieval of more Gardnerella 
vaginalis in the control group (4/10) compared to 1/10 with 
eubacterial PCR-DGGE. Similarly. Gardnerella vaginalis 
was recovered in one of the patients with intermediate BV 
in the Premarin group, which DGGE foiled to identify. 

3.2. Array studies 

From the vaginal swabs collected from the 20 subjects, six 
were excluded from GeneChip analysis due to low concentra- 
tion of total RNA below 100 ng/tiL: two samples from the 
control group and four from the Premarin group. The average 
age of the subjects was 55.6 years (54.8 in controls and 56.3 in 
Premarin group). 

Once data entry, normalization, and transformation were 
complete, GeneSpring GX 7.3.1 displayed the 54, 675 differ- 
ent probesets corresponding to 54,613 transcripts of relative 
expression in the Premarin group with respect to the mRNA 
expression in the control group. Initially a volcano plot was 
performed for the entire genome, filtering out genes by 
a threshold expression value as well as a threshold P-value 
of significance, In this case, values were set to filter genes 
that had a differential gene expression in the Premarin group 
by ±1. 5-fold change, and a T-test /'-value of 0.05 or less. 
This resulted in a gene list of 227 genes, all possessing a sig- 
nificantly different mRNA expression in the Premarin group 
(supplemented material). 

Next the 227 genes were organized by known function us- 
ing the Kyoto Encyclopedia of Genes and Genomes (KEGG) 
database. Functions included anti-apoptosis, apoptosis, anti- 
microbial response, bacterial defense response, cell cycle 
arrest, innate immune response, chemokines, interieukins. 



i\. Ihilm PI III. i Mimihn ami liififliim 10 (2IIIUil (,20-fi27 



and oncogenes. The KIZGG gene lists niiide by funclion.s relat- 
ing to anti-apoptosis. apoptosis, bacterial defense response, 
cell cycle arrest, innate immune response, cliemokines, 
displayed few or no genes with differential expressions that 
passed the filter. However, eenes refuting to unlimicrobia! 
response, interleukins, and oncogenes did show differences 
that warranted further analysis. 

33. Oncogenes 

Using the KEGC annotation for genes relating to cancer, 
a gene list was made of significantly different expres.sed genes 
in tlie Premarin group, all of which were down-regulated com- 
pared to controls (Table 3). To assess whether the higher BV 
rates in the control group skewed the results, a second cancer 
gene comparison was made only using samples which had nor- 
mal Nugent scores between the control and Premarin groups. 
Again, mRNA down-regulation was observed, albeit to a lesser 
extent. In a diird comparison, samples within die contra! were 
tested based on their Nugent scores. This analysis showed 
that the same genes were all slightly up-regulated in subjects 
with BV. 

Various genes found reported to be associated with differ- 
ent types of breast carcinoma [27,28], namely CHEK2 check- 
point homolog, tumour protein p53, breast cancer 1 and 2 
(BRCA1,2), ataxia telangiectasia (ATM), RAD5I homolog, 
V-erb-b2 erythroblastic leukemia virai oncogene homolog2 
(ERBB2}, insulin-like growth factor (IGF-I), telomerase 
reverse transcriptase (TERT) and prolactin (PRL) showed no 
significant differences, but forkhead box AI (FOXAI) was 
down-regulated 2-fold. To account for the higher prevaience 
of BVin the control group, a comparison of BV versus normal 
Nugent scores, irrespective of grouping, showed no differ- 
ences, nor did an analysis of normal versus BV in the control 
group, except for FOXAI (3.79 fold up-regulated). 



.7.^. Antimirrobitil mpanxe 

Among the antimicrobial response genes differentially 
expressed significantly by ± 1. 5-fold and /*-vaIue <0.05, three 
genes known for antimicrobial properties hud relevant 
immune function: colony stimulating factor (CSF), lactotruns- 
ferrin, and secreloglobin. These genes were up-regulated in 
subjecLs receiving oral Premarin (Table 4). A sub-analysis 
comparing BV versus normal Nugent scores showed a 7.07 
fold down-regulation of the CSF3 receptor and no significant 
up-regulation of lactotrnnsferrin or secretoglobin (Table 5). 

3.5. hilerlcitkins 

The analysis of interieukin gene expression sliowed no 
consistent pattern, with less than 2-fold up-regulation of IL- 
I and IL-6 in Premarin treated subjects compared to controls 
(Table 6). Comparing normal samples in control and Premarin 
groups (eliminating BVas a variable), resulted in down-regu- 
lation of IL-la and E.-1P by 1.61 and 1.94 fold respectively. 
This down-regulatory trend was more apparent comparing 
controls with BV subjects, and there was significant down- 
regulation of IL-la (9.83 fold), IL-ip (8.33), and IL-6 (3.63). 

3.6. RT'PCR 

Using RT-PCR, and normalized with the human GAPDH as 
internal control (Rg. 1), the results obtained from the micro- 
array data have been confirmed, for example secretoglobulin 
was up-regulated in the Premarin group compared with the 
control group (100.17 vs 68.32). Also Inctotransferrin was 
up-regulated by 5-fald in the Premarin group (30.66 vs 
6.10). IL-lbeta was confinned to be down-regulated in BV 
patients, as shown in Table 7. 



TtthlE 3 

Using tlie KEGG annotiition for gents reluting lo cuncer, 
comparing Nugent nomiaj and BV sample s, is .sliown 
Common gene Descripiim 
symbol 



I gene lisi was made of significanUy dilfcrent expressed genes In the Prerourin versus control groups, and 



Fold change for 



between ci 
(w = 6) ai 



Pbid change when 
comparing only 
Ihc nontrnl Nugent 
scores Ixtween 
control Cn=3) and 



normal (n = 3) and BV 
(n = 4) snraples within 
the control group 



BNIPL 


BCL2/adenovirus ElB 19kD 


-4,08 


riciumiij \n = 

-1,62 


2.65 




intcracUne protein like 




TNS3 
SMAD2 


Tensin 3 

SMAD, mothers against DPP 


-2,48 
-2.48 


-1.34 
-1.68 


2.70 
1.57 


HCAP-G 


homolog 2 (Drosophlta) 




Chromosome condensadon 


-2.33 


-1.82 


1.4! 




protein G 




CEACAMI 


Corrinoembryonic antigen-ielatcd 


-2.31 


-1.72 


1.54 




cell adhesion molecule 1 




FRK 
BARD I 
BCASl 
BCAS2 


(biliary glycoprotein) 








fyn-related kinase 

BRCAl associated RING domain 1 

Breasi carcinoma amplified sequence 1 


-3.17 
-2.28 
-3.98 


-2.54 
No change 
-1.89 


1.S4 

No change 
2.39 
1. 28 


Breast canHnoma nmplilied sequence 2 


-2.63 


1.05 
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Difference in mRNA cxprussion itl Bcni^ reliilini. Ki anliniicniliiiil pmpciliL-s 
when compariiiB H"-- Pfuniarin (w = (,) n. cuiilnil ^ H) BrtiLi|» 

Gene -iynibul Fiilil dv.w^e. IX'suripiinn 

2.1.1 Ciiliiiiy .stimiiliilinj; liiclor 

-T reccplitr (sraniiliii:ylc) 
l-^N Colony slimiiliiiiiii; riiclur 

3 (gniniiliwylc) 

^ 7.76 LaclotraiisrLTriii 

SCCB1D2 5.H2 Secwtoi-lohiii, riniiily ID, 

SCCB2A2 tj.ns ' 



Tillili: h 

l:sprc.ssiiin thangcs in priiinilatnmiilory inteileiikiiis Ikiwl-cii Liiiitriil [ii ^ K) 
mill I'runiiirin (m - A) samptiiK 

Gunf syinhol fald ciianEe Dcscripiiun 

■LIB 1.95 imcrtaikin I. beta 

U-ia ImuTleukiii 6 

(iiilLTfcrun, IkIu 2) 
l.ttS InlerlL'ukin 6 reccplur 

"-'A 1.69 Inlcrlcukin l.iilphil 

"-7 -1.60 Inlcrlciikin 7 

lUORA .-i.f,3 tnmrlciikin 20, 

rcutiplor iilphii 

'L'Q -I.Ce liitL-rlciikin 19 



This is the first study to examine gene expression changes 
in tiie vagina of women receiving ERT. It is also the first to 
examine vaginal cell gene expression changes between sub- 
jects with BV compared to a normal lactobacilli dominated 
microbiota. The high recovery ofLaciobacilliis iners is confir- 
matory with previous studies [7,19]. Although the sample size 
is too small to state incidence and prevalence rates, it was 
apparent that BV was much more common amongst non- 
ERT subjects. The study equally highlighted the importance 
of using PGR reactions with species-specific primers in the 
recovery of associated organisms. It also showed that L. iners 
was not associated witli BV, as others have suggested [29,30]. 

Of special interest were any changes in cancer-related 
genes and inflammation genes, as these can be influenced by 
estrogen [3 1-34]. Among the filtered genes relating to cancer 
that were expressed differently in the two studied groups, two 
genes warrant particular discussion. The fi^rst is breast carci- 
noma amplified sequence 1 (BCASl). This stretch of roughly 
1 megabases is thought to contain 5 genes, one of whicii is 
NABC] which predicts to encode a 585-amino acid protein 
of unknown function [35]. This unknown NABCl gene, as 
well as the entire BCASl region has been shown to be highly 
over-expressed in many types of breast cancers, as well as 
being associated with aggressive tumor behaviour. It was 
down-regulated 4-fold in subjects taking Premarin. The other 
oncogene within the filtered list is breast carcinoma amplified 
sequence 2 {BCAS2), an estrogen receptor a (ERa) interacting 

Table 5 

Relative mRNA expression of genes relating to anllmicrobial function when 
comparinE normal (n = 3) und B V (« = 4) .samples within the cantrol group 
Description 



Gene symbol 


Fold chiingc 


CSP3R 


-1.81 


CSF3 


-7.07 


LTF 


1.01 


S0GB1D2 


1.16 


SCGB2A2 


1.89 



Colony .stimuliiiing 
fiictor 3 receptor (eranuloq 
Colony slimuiatine 
factor 3 (granulocyte) 
LjiclotrnnFferrin 
Secretoglobin, family ID, 
member 2 

Secretoglobin, family 2A, 
member 2 



protein |.36j. BCAS2 is also found to be over-expressed in 
many types of breast carcinomas and may be important to 
tumor development by increasing the estrogen receptor func- 
tion. Again, within the group taking oral Premarin, there 
was a down-regulation of mRNA for this gene by 2.6-fold. 
Likewise, BCAS-1 was down-regulated 4 fold, a result more 
than confirmed by TR PGR. The extent to which these findings 
have clinical ramifications reiriains to be seen. 

Findings from the meta-analysis of gene expression associ- 
ated with the ri.sk of breast carcinoma produced a list of 12 
genes of interest. However, ERT had little or no effect on their 
expression in the vaginal cells studied here. The exception was 
forkhead-box Al (FOXAl), a transcriptional factor which has 
recently been attributed to activating tumor suppressor gene 
p27, and thus plays a critical role in the cellular progression 
to oncogenesis [37,38], The up-regulation of this gene in sub- 
jects with BVis of interest, and potential mechanisms are wor- 
thy of further investigation. 

Lactotransferrin, a member of the iron-binding transferrin 
proteins known to have antimicrobial properties, was first 
identified in breast milk but is now known to play an important 
role in the mucosal immune response [39]. Studies show breast 
milk enriched with lactotransferrin inhibits the growth of Es- 
cherichia coli [40]. Lactotransferrin functions as an antibacte- 
rial protein by aiding witli neutrophil function by means of 
regulating hydroxy] radical production as well as being in- 
volved in the secretion of IgA antibodies. The up-regulation 




Rg. J. Standard curve for GAPDH with cDNA of 
square doUi represents GAPOH sumdord, while the ted 
cONA sample dm points. 



the samples. *Blue 
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Table 7 

Relative quimlilalivc espiussinn of sptcilii; genes in 
iriitilud xvith Premarin and miniuilizeil willi GAI'DH six 
nul conlro) gciii: 



Elie vujjiiui or wiinien 
s •fiDusckeepiinoi' inier- 



Conirol group Siicremelnliulin Umlmmniifcrrlii IL-lbelii HCAS-I 



SOM 
8016 
8017 

8019 BV 

TuxvA mm 

Premurin group 

8003 

8006 

8007 

8003 

80tO 

8012 

8013 

BO 15 

80iS 



Results ure cxprcssied as a ratio. 

of lactotransferrin mRNA by 7.8-fold in subjects receiving 
Premarin suggests that ERT may provide a more alert and 
ftinctional antimicrobial response against infection. The RT 
PCR data showed that lactotransferrin was present in highest 
levels in five subjects with a Normal or Intermediate Nugent 
score, again suggestive of some anri-microbiaJ effects. 

Filtering out genes based on fold change greater than 2.0 
and a P- value of less than 0.05, two members of the secretoglo- 
bin family, ID and 2A, were up-regulated 5.8 and J 3.0-fold 
respectively in the subjects receiving Premarin. Secretoglobin 
is a protein found in the mucosa of many vertebrates and 
although its specific biological activities are unknown, it has 
demonstrated antimicrobial properties [4] J. It was first discov- 
ered in the lung, but has since been found expressed in the 
endometrium, prostate and seminal vesicles, and its expression 
is regulated by steroid hormones. The overall up-regulation 
found here may be further evidence of increased natural 
defenses due to Premarin therapy and the recoveiy of a Lacto- 
iwc/Z/Hj-dominant vaginal raicrobiota and less recovery of 
Gardnerella vaginalis with species-specific primers, an organ- 
ism usually linked with B V. However, such a conclusion needs 
further verification, as the RT PCR data showed that tlie highest 
levels of secretoglobulin (ratio >8) were found in four Normal 
or Intermediate Nugent score subjects, but also in one with BV 
(#8001). 

Colony stimulating factor (CSF), from a family of glyco- 
proteins essential for the proliferation and activation of neutro- 
phils [42] and linked to localizing infection and sepsis [43j, 
and its receptor, were considerably down-reg^ilated in subjects 



with BV, .suggesting a hindered immune raspuasc in postmen- 
opausal women. 

Inlcrlcukins play a critical role in Ihe innate immune re- 
spon.se within the human body, and more specifically, the vag- 
inal mucosa |44]. Presence of these potent cytokines elect 
immunological responses .such neutrophil migration, inflam- 
mation, and differential gene expression ultimately leading 
to activation of other defense mechanisms 1 17,32]. IL-I, com- 
prised of two subunit.s a and P, is a proinflammatory interleu- 
kin present at ba.sal levels and is thought to play a key role in 
activating complimenting cascades. The present findings of an 
up-regulation of IL-I of roughly 2-fold for subjects on ERT 
may suggest that the recovery of LaclobacHliis helps to main- 
tain an anti-infective response. The down -regulation of IL-1 
mRNA exprcs-iiion in control .subjects may suggest a deficiency 
in host defenses during periods of heightened pathogenic bac- 
terial infection. The significant 8-9 fold down regulation of 
IL-1 mRNA expression in subjecte with BV was somewhat 
surprising, but may indicate that the host was not responsive, 
or may have become tolerant to the BVorganisms. This might 
explain why so many cases of BV are not associated with 
symptoms and signs of infection [12,45]. On the other hand, 
clinical data have shown an increased incidence of BV after 
menopause [12], which would support the concept of a weak- 
ened innate immunity after menopause, and explain why 
premenopausal women with BV have a significantly elevated 
IL-1 3 response [46|. 

In summary, vaginal swabs provided a non-invasive means to 
analyze the vaginal microbiota and human gene expression in 
post-menopausal women. There was no evidence of significant 
up-regulation of cancer-associated gene expression in subject 
receiving Premarin ERT, but some evidence that the potentially 
protective innate immunity was reduced in patients with BV. 
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1. Objective of the Meeting 



This Technical Meeting of experts was convened to begin discussions on guidelines, 
recommended criteria and methodology for conducting a systematic approacli for the 
evaluation of prebiolics, leading lo their safe and efficacious use in food. Tlie purpose was to 
discuss the prebiolic concept and its application to human health. An aim was lo determine if 
prebiolics is an area of food research which would benefit from an Expert Consultation drawn 
from independently recognised leading experts convened under the auspices of the FAO. 

Prebiolics have become a recognised functional food commodity. The Technical Meeting 
concluded that advances in prebiotic research provide sufficient substance for the FAO to 
consider a full Expert Consultation. 



2. Current prebiotic standing and state of ttie art 

Currently, there are no industry-wide accepted guidelines governing the usage of the term 
prebiotic on food products. The market for prebiolics in food is growing rapidly. A 2007 
report on the world prebiotic market states that there are over 400 prebiotic food products and 
more than 20 companies producing oligosaccharides and fibres used as prebiotics [1 ]. A Frost 
& Sullivan review reported that the European prebiotics market is currently worth €87 
railUon, and will reach €179.7 million by 2010. This is a dramatic growdi spurt, in part 
explained by the increase in diversity of food products to which prebiotics have been added. 

The basis for the expanded use of prebiotics is several-fold, not the least of which is a belief 
tliat modem day humans do not ingest sufficient quantities of lactic acid bacteria or their 
growth stimulants including non-digestible carbohydrates. In addition, there is a growing 
recognition tlmt events taking place in the intestine and influenced by microbes, have major 
consequences for human healft. Thus, not only are prebiotics being examined for anti- 
pathogenic effects (such as inhibiting adhesion of pathogenic organisms to the gut mucosa), 
but they are also being developed to decrease faecal ti-ansit time, lower cholesterol and die ' 
glycaemic response, improve bone health, lower daily energy (fat) intake, relieve symptoms 
of inflammatory bowel disease, and attempt to lower colon cancer rates [2]. The latter effects 
are also promoted for dietary fibres, and this raises the question of if and how prebiotics are 
differentiated from, or tiie same as, dietary fibres. 

A prebiotic was originally defined in 1995 as a "non-digestible food ingredient tiiat 
beneficially affects the host by selectively stimulating the growth and/or activity of one or a 
limited number of bacteria in die colon, and thus improves host health" [3]. A more recent 
definition stated that "A prebiotic is a selectively fermented ingredient that allows specific 
changes, both in the composition and/or activity in the gastrointestinal raicrobiota that confers 
benefits upon host wellbeing and health" [4]. 

The principal concept associated with bodi of these definitions is tiiat the prebiotic has a 
selective effect on die inicrobiota that results in an improvement in health of the host. The 
definitions arose from observations tiiat particular dietary fibres bring about a specific 
modulation of die gut microbiota, particularly increased numbers of bifidobacteria and/or 
lactobacilli, and tiiat ingestion of diese compounds was associated with improved host healtii. 
However, as our ability to determine the microbial ecology of tiie gastrointestinal microbiota 



increases, along witli our uiuiorHtaiiding of how this complex and diverse colleclion of 
bacteria functions, wc now recogtiific that a bcncHcial modulation of the micmbioUi 
encompasses far more than bifidogcnesis. 

Common prcbiotics in use include inulin, iTuclo-oligosaccharides (FOS), galacto- 
oligosaccliarides (GOS), soya-oligosaccharides, xylo-oligosaccharides, pyrodextrins. 
isomalto-oligosaccbarideK and lactulose. The majority of studies have so far focused on 
inulin, FOS and GOS [5, 6]. These saccharides have now a long history of safe use and are 
generally regarded as safe, although there is some concern over increased gas production with 
some compounds, particularly when ingested in higher amounts or during the first few days of 
intake. 

There is also a range of new prebiotic compounds emerging, and these include: 
pecticoligosaccharides, lactosucrose, the sugar alcohols, gluco-oligosaccharides, levans, 
resistant starch, xylosaccharides and soy-oligosaccharides. These compounds have been 
studied to varying degrees in vitro, in animal feeding studies, but rarely in human feeding 
studies- Novel compounds new to the human diet fall under the European regulatory category 
of "novel foods" and will require legislated levels of safely and toxicological assessment 
before they can be included in food products. However, little legislation exists governing the 
use of the word "prebiotic" itself on functional food products and there is a growing 
collection of commercially available products which bear the prebiotic label but for which 
supportive scientific literature is sparse or lacking all-togetiier. 

The call for a scientific evaluation of the fiinctional and health properties of prebiotics is thus 
timely. The FAQ Technical Meeting on Prebiotics addressed guidelines, recommended 
criteria and raetliodologies for conducting a systematic approach for the evaluation of 
prebiotics leading to their safe and efficacious use in food. 



3. Defining tlie term prebiotic 

The existing definitions of a prebiotic, as stated above, while differentiating diis class of non- 
digestible food ingredient Vi'ithin the dietary fibres and broadly serving the more common and 
well studied prebiotic oligosaccharides, is restrictive in its applicability for target sites outside 
the gastrointestinal tract. It is also restricted by necessitating a single mechanism of action 
(e.g. anti-adhesive activities) in addition to the selective changes in the composition and/or 
activity in the gastrointestinal microbiota. These definitions too, were drawn up early in the 
current wave of interest surrounding the impact of the gut microbiota on human health and 
disease, specifically, before metagenomic demonstration of die high species richness, novelty 
(with up to 70% of the gut microbiota commonly categorised as "new to science" upon direct 
I6S rRNA gene fragment sequencing) and degree of metabolic cross-feeding or co- 
dependence within the gut microbiota. 

The stipulation of selective fermentation or selective increase in growth and/or activity 
encompassed within these current definitions, has become synonymous with the preferential 
increased abundance of bifidobacteria and/or lactobacUli. However, this is now inadequate to 
describe a beneficial modulation of a microbiota dominated by members of the Clostridium 
coccoides, C. leptuin groups and the Bacteroides, regarded as key species together with the 
bifidobacteria in saccharolytic fermentation within the colon. These considerations and their 
implications warrant a reconsideration of the prebiotic definition itself. 



The Technical Meeting proposes a broader dellnition to cncompnss new prebiotics. and lo 
more accurately retlect current understanding oHha microbial ecology of the human 
microbiota. This revised dennition follows. 



3.1. Definition 

A prebiotic is a non-viable food component dial confers a health benefit on the host 
associated with modulation of the microbiota. 



3.2. Qualifications 

1. Component - not an organism or drug; a substance that can be characterized 
chemically; in most cases this will be a food grade component. 

2. Health benefit - measurable and not due to absorption of the component into the 
bloodstream or due to the component acting alone; and over-riding any adverse effects 

3. Modulation - show that the sole presence of the component and the formulation in 
which it is being delivered changes the composition or activities of the microbiota in 
the target host. Mechanisms might include fermentation, receptor blockage or othere. 

A prebiotic can be a fibre but a fibre need not be a prebiotic. 



4. How to evaluate and substantiate that a product is a prebiotic 



4. 1. Product specification/characteristics of the prebiotic 

The component to which the claim of being prebiotic is attributed, must be characterized 
for any given product. This includes: 

• Source, origin 
■ Purity 

• Chemical composition and structure 

• Vehicle, concentration and amount in which it is to be delivered to the host 

4.2. Functionality 

At a minimum, there needs to be evidence of a correlation between die measurable 
physiological outcomes and modulation of the microbiota at a specific site (primarily the 
gastrointestinal tract, but potentially also other sites such as vagina and skin). Need to 
correlate a specific function at a specific site with the physiological effect and its 
associated timefirame. 

• Within a study, the target variable should change in a statistically significant way and 
the change should be biologically meanuigful for the target group consistent with the 
claim to be supported. 



Subslantiation of a claim slioiitd he bused on sludius vvitli the llnal product type, tested 
in the target liost. 

A suitably sized randomized control trial (compared to placebo or a standard control 
substance) is required, preferably with a second independent study. 
Examples of physiological outcomes due to administration of prebiotics could be: 
satiety (measured towards carbohydrates, fats, total energy intake); endocrine 
mechanisms regulating food intake and energy usage in the body; effecLs on 
absorption of nutrients (e.g. calcium, magnesium, trace elements, protein); reduced 
incidence or duration of infection; blood lipid and classic endocrine parameters; bowel 
movement and regularity; markers for cancer risk; changes in innate and acquired 
immunity that are evidence of a healtli benefit. 



4.3. Qualifications 



Bifidogenic effects are not sufficient without demonstrated physiological health 
benefits. 

It is recognized that at this time, determining events that take place within 
compartments of the intestine aie often difficult. Until such times as specific site 
sampling or more sophisticated methods can reliably link microbiota modulation with 
health benefits, faecal analysis will be deemed suitable, with limitations. 



4.4. Safety 

As with any food component, safety parameters are established by all national regulations. 
It is recommended that the following issues need to be covered in any safety assessment 
of a prebiotic final product formulation: 

• If , according to local legislation, tlie product has a history of safe use in the target 
host, such as GRAS or its equivalents, then it is suggested that further animal and 
human toxicological studies may not be necessary. 

• Safe consumption levels with minimal symptoms and side effects should be 
established. 

• The product must not contain contaminants and impurities. 

• Based upon current knowledge, the prebiotic should not alter the microbiota in such a 
way as to have long term detrimental effects on the host. 



Management issues 

• Production ~ the onus is on the manufacturer to ensure substances considered 
prebiotics should have purity and consistency in composition between product lots. 

• Formulation and storage - It is recommended that the limit of stability in different 
product types, effects of processing and production technologies on prebiotic 
composition, and the desired biological activity in tiie target host be evaluated. 

• Regulatory - Prebiotics are components designed for specific health effects through 
modulation of the host microbial population. The onus is on the producer to provide 
the regulatory agency where sales are to be made with an appropriate level of 
documentation supporting the health claims. It is possible that these may refer to 



disease prevention, Irculment and risk reduction claims. A numhcr oi" documents 
available in the public domain, sucli as PASSCLAIM, EFSA guidelines and oLiiers 
[7,8j, provide criteria for evaluating the quality of data suitable for making health 
claims on food and food components. 

The status of prebiotics is not established on an international basis. The term prebiolic 
must be used only when a health benellt related to modulation of the target site 
microbiota has been demonstrated in the target host. 

The issues of product specific testing were considered. The consensus was that the 
onus should be on the producer to show that a new formulation e.g. yoghurt, is 
equivalent to Uie one (e.g. dried powder) proven in target host studies to confer the 
prebiotic effect. 



6. Monitoring 

The Technical Meeting recommends that prebiotic producers, medical professionals and 
public health officers consider some form of system to monitor the health outcomes of long- 
term prebiotic administration. This is suggested as a means to gain insight into potential side 
effects as well as assess long-term benefits. A necessary prerequisite for surveillance is a 
proper trace-back system. 



7. Future research areas 

• It is recognised that there are numerous potential new applications being considered 
for prebiotic use e.g. prevention and or management of type 2 diabetes mellitus; drug 
bioavailability; effects on autoimmune diseases and allergy; modulation of pathogenic 
biofUms. There is a need for more randomised, placebo controlled clinical trials with 
adequate statistical power. We encourage publication in peer-reviewed journals of all 
clinical trials, whether the outcome is positive, negative or adverse. 

• It is recognised that prebiotics may be used in conjunction with probiotics; this is 
considered a synbiotic. Depending on the nature of the two components, the net effect 
may not be synergistic. We recommend that the term synbiotic only be used if the net 
health effect is synergistic. It is also recommended that the issue of synbiotics be 
addressed by a separate Tecttnical Meeting. 



Figure 1: 

Guidelines for tlie evaluation and substantiation of prebiotics 

A prebiotic is a non-viable food component that confers a health benefit on the 
host associated with modulation of the microbiota. 
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Prevalence of Bacterial Vaginosis 

2001-2004 National Health and Nutrition Examination Sun/ey Data 

Jenifer E. Allsworth, Piu), and Jeffrey F. Peipert, md, mpii 



OBJECTIVE: To estimate the prevalence and correlates 
of bacterial vaginosis among women between the ages of 
14 and 49 years in the United States. 
METHODS; Data from the 2001-2001 and 2003-2004 
National Health and Nutrition Examination Surveys were 
combined. Correlates of bacterial vaginosis evaluated 
included sociodemographlc characteristics (age, race or 
ethnicity, education, poverty income ratio) and sexual 
history (age of first Intercourse, number of sexual part- 
ners). Crude and adjusted odds ratios and 9S% confi- 
dence intervals were estimated from logistic regression 
analyses. 

RESULTS: Almost one third of women (29%) were posi- 
tive for bacterial vaginosis. Bacterial vaginosis prevalence 
varied with age, race or ethnicity, education, and poverty. 
Black, non-Hispanic (odds ratio [OR] 3.13, 95% confi- 
dence interval [CI] 2.58-3.80) and Mexican-Am edcan 
(OR 1.29, 95% CI 0.99-1.69) women had higher odds of 
bacterial vaginosis than white, non-Hispanic women after 
adjustment for other sociodemographic characteristics. 
Douching in the past 6 months was also an Important 
predictor of bacterial vaginosis prevalence (OR 1.93, 95% 
CI 1.54-2.40). 

CONCLUSiON: Bacterial vaginosis is a common condi- 
tion among U.S. women, and the prevalence Is similar to 
that in many treatment-seeking populations. Further 
studies are needed to disentangle the interactions be- 
tween race or ethnicity and other sociodemographic 
characteristics. 

(Obstet Cynecot 2007;m:114-20} 
LEVEL OF EVIDENCE: III 
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Sexually transmitted diseases (STDa), including in- 
fection witli the human immunodeficiency virus 
(HIV), are important and costly public health prob- 
lems in the United States. Women with bacterial 
vaginosis may be at increased risks for STDs, HIV, 
and a number of other adverse reproductive out- 
comes, including pelvic inflammatory disease (PID), 
postoperative infections, spontaneous abortion, pre- 
term birth, and postpartum endometrids. Specifically, 
bacterial vaginosis has been found to be associated 
with the prevalence and incidence of multiple STDs, 
including chlamydia, gonorrhea, herpes, HIV, and 
trichomoniasis, and is also implicated in the develop- 
ment of FID.'-" 

Bacterial vaginosis is a highly prevalent condition 
and the most common cause of vaginal irritation. It is 
a condition characterized by vaginal flora imbalance, 
in which normally plentiful peroxidase-producing 
bacteria (Laciobadllus) are scarce and other anaerobic 
bacteria abundant. The total concenb-ation of bacteria 
may be 100 to 1,000 times their normal levels in 
women with bacterial vaginosis." Many, if not most, 
women with bacterial vaginosis are asymptomatic. 
The two classic symptoms of bacterial vaginosis, 
discharge and odor, are reported by only a minority 
of affected indi\dduals. A recent study found that, in 
women with bacterial vaginosis, only 25% reported 
odor and 42% reported discharge in the preceding 6 
months.'" 

Although bacterial vaginosis is a common condi- 
tion, national surveillance has been lacking. Data 
from the 2001-2002 National Healdi and Nutrition 
Examination Survey found bacterial vaginosis to be 
common among the general population (Koumans 
EH, Sternberg MR, McQuillan G, Bruce C, Kendrick 
JS, Sutton MY, et al. Prevalence of bacterial vaginosis 
in the United States, 2001-2002. Presented at the 
2006 National STD Prevention Conference. Jackson- 
ville, Florida, May 8-11, 2006). The objectives of this 
study are to 1) describe the prevalence of bacterial 
vaginosis among U.S. women between the ages of 14 
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and 49 using natiotmlly rcprcsciiUitivL' daUi froin 
National Health and NuLrilion ExaniinaUdn Sui-vey 
collected from 2001 to and 2} ovaluate whether 
sociodemographic cliiu-acterisUcs. such as race or 
ethnicity and age, which are correlates in clinical 
populations, are also associated with llie prevalence of 
bacterial vaginosis in the general population. 

MATERIALS AND METHODS 

We used data from the National Health and NulriUon 
Examination Survey (NHANES) samples for the 
combined mtervals 2001-2002 and 2003-2004 to 
estimate the prevalence of bacterial vaginosis among 
women in the civilian, noninstitiitionalized U.S. pop- 
ulation. The National Health and NutriUon Examina- 
Uon Survey, conducted by tlie National Center for 
Health Statistics at the Centers for Disease Control 
and Prevention, was designed to obtain nationally 
representative information on the health and nutri- 
tional status of die population of the United States 
through interviews and direct physical examinations. 
Methods describing this national survey have been 
published elsewhere." This study submitted to the 
Washington University School of Medicine Human 
Subjects Committee for approval. The study was 
classified as exempt because it is a population-based 
study devoid of individual identifiers. 

For these analyses, women between the ages of 
14 and 49 years with bacterial vaginosis data were 
included. A total of 747 women were excluded from 
the analyses because of missing data for bacterial 
vaginosis. The final sample included data from 3,727 
women, which when weighted represents the experi- 
ence of 65,660,083 U.S. women between the ages of 
14 and 49 years. 

Female participants in the National Healdi and 
Nutrition Examination Survey study between the ages 
of 14 and 49 years were tested for bacterial vaginosis. 
Self-collected vaginal swabs were used for the evalu- 
ation of bacterial vaginosis. Smears were allowed to 
air dry before shipment to the processing and analysis 
laboratory at Magee-Woraen's Hospital (Pittsburgh, 
PA). The bacterial vaginosis score for Gram staining 
was calculated by Nugent's method.'^ Scores of 7 or 
higher were considered positive for bacterial vagino- 
sis, whereas those between 4 and 6 were considered 
mtermediate. Additional details on laboratory proce- 
dures have been published. '3-" Prevalence was esti- 
mated for the three levels of bacterial vaginosis: 
positive, negative, and intermediate. For logistic re- 
gression analyses, the outcome was defined as bacte- 
rial vaginosis confirmed (positive) or not (negative 
and intermediate). 



Stilf-reportc'd sociodeniugraphic characteristics 
included in these analyses included age, race or 
ethnicity, highest level of education received, and 
poverty /income ratio. Age was categorized by decade 
(14 -19, 20-29, 30-39, and 40-4.9). Race or ethnicity 
was categorized as white, non-Hispanic; black, non- 
Hispanic, Mexican American; or other race/His- 
panic. Tliree levels of education were evaluated: less 
than high school, completed high school (or general 
equivalency diploma), or more than high school. 
PovcrLy/income ratio was the ratio of the individual's 
family household income to the federal poverty level 
and was categorized as less than the federal poverty 
level (poverty /income ratio less than 1), at or above 
the federal poverty level (poverty /income ratio 1 to 
less than 2), or twice the federal poverty level (pov- 
erty/income ratio 2 or more). 

In this analysis we examined a number of repro- 
ductive history variables. Age at first menstruation 
was categorized as 7-11 years, 12-14 years, 15 years 
or later, or unknown. Douching within the past 6 
months was defined as yes, no, or unknown. 

Women between the ages of 14 and 49 years also 
completed a sexual history questionnaire that in- 
cluded quesdons on history of sexual intercourse and 
lifetime and recent number of sexual parbiers. Be- 
cause of confidentiality concerns, sexual history data 
for individuals between the ages of 14 and 19 years 
are only available at the National Center for Health 
Statistics Research Data Center. Therefore, aU analy- 
ses including sexual history were limited to women 
between the ages of 20 and 49 years of age. 

Categorical data were compared by using tests. 
Crude and adjusted odds ratios were estimated by 
using logistic regression. Statistical analyses were con- 
ducted with Stata 9.2 (StataCorp, College Station, 
TX). Specifically, using the svyset command in Stata, 
we specified the individual weight, primary sampling 
unit, and stratum. The 2-year individual weights 
estimated by the National Center of Healdi Statistics 
and made available as part of the National Health and 
Nutrition Examination Survey data set are adjusted to 
the entire U.S. population based on 2000 Census 
information. To accommodate die joining of 2001- 
2002 and 2003-2004 data sets, each adjusted to the 
U.S. population, the weight for each individual was 
divided by 2 to provide a single estimate for the entire 
U.S. popuJatioa 

RESULTS 

The overall and subgroup prevalences of bacterial 
vaginosis are presented in Table 1. The prevalence of 
bacterial vaginosis in the general population of the 
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Table 1. Pl-evalence of Bacterial Vaginosis and !)5% Confidence Interval Among Women 14-49 Years of 
Age by Soaodemograpliic Characteristics and Reproductive History 



Prevaience (95% Conlldence interval) 



All women 

Sociodemographic characlerislics 
Age (y) 

U-J9 

20-29 

30-39 

40-t9 
Race or ethnicky 

While, non-Hispanic 

Black, non-Hispanic 

Mexican American 

Other race/Hispanic 
Education 

Less than high school 

High scliool/GED 

More than high achool 
Poverty income ratio 

0 to I.O 

More than 1,0 to 2.0 
2.0 or more 
Reproductive and sexual history 
Age at menarche (y) 

12-14 
15 or more 
Missing 
Douched in ihe past 6 months 
No 
Yes 

Missing 

Among women aged 20-49 y 
Sexual intercourse 
Ever 

Missing 

Age of first sexual intercourse (v) 
9-14 
15-19 
20 or more 
Missing 

Number of male sexual partners 
Lifetime 
0 

1-2 
3-5 
6-10 

1 1 or more 
Missing 
Past 12 months 
0 
1 

Missing 



Positiv e 
■2D.2 (27.2<U.:-i) 



Negative 



GED, general equivalency diploma. 



23.3{20.l-2(i.U) 
3I.2(27.()-;i,l(i) 
28.2(2,';.4-31.I) 
3I.;-I (27.3-35.fi) 

23.2 (2{).8-25.a) 
51.(5 (47.U-55.2) 
32.1 (27.7-3G.0) 
3(1.3 (27,{i-15.a) 

32.9(29.0-3(5.4) 
33.H (29.1-38.9) 
2.5.fi(23.l-2H,2) 

m.9 (32.3-41.7) 

34.3 (30.3-38.3) 
24.1 (21.5-27.0) 



29.9 (25.7-34.4) 
27,5 (25.2-30,0) 
30.5 (24.4-37.5) 
39.3 (32.1-17.0) 

23.7(21.7-25.8) 
44.5 (41.0-48.0) 
42.1 (35.0-49.5) 



29.9 (27.7-32.1) 
14.5 (6.4-29.7) 
40.5 (33.3-18.2} 

38.2 (33.0-43.7) 
29.a (26,9-32.8) 
23.5 (17.3-31.1) 
33.2 (25.6-4 1.7) 



15.6 (7.7-29.0) 

24.7 (20.3-29.8) 

27.2 (23.1-31.8) 

34.3 (30.0-39.0) 
25,5 (29.5-4:.9) 

41.4 (34.4-48.7) 

36.4 (29.9-13.4) 
27.3 (25.2-29.5) 

39.3 (33.0-45.9) 

33.4 (25.8-42.Qj 



42.8 (40.4-45.3) 



45.(5 (41.5-49.7) 
42.2 (3H.4-46.1) 
4,^.0(41.7-18.4) 

40.1 (34.(5-15.9) 

47.2 (44.1-50.3) 

27.6 (23.7-31.8) 
39.9 (36.0-43.8) 
37.1 (30.4-14.4) 

41.3 (37.4-45.3) 

39.0 (33.9-14.3) 

45.1 (41.6-18.6) 

3B.5 (33.4-13.8) 
37.4(33.0-41.9) 

46.7 (43.3^0.1) 



44,1 (38.3-50.0) 
4-1.1 (41.0-17.2) 
39.4 (32.2-47.0) 
33.4 (26.7-10.9) 

4-7.0 (44.0-50.1) 
31.3(26.3-36.8) 
32.3 (24.9^0.6) 



42.3 (38.8-45.8) 
59.3 (45.4-71.8) 
36.0 (27.4-45.6) 

33.6 (28.4-39.1) 
42.9 (39.3-4C.7) 
47.2 (40.3-54.1) 

42.7 (34.0^1.8) 



59.1 (46.1-70.9) 

46.2 (40.2-52.3) 
45.0 (39.3-50.7) 
35.7 (30.0-41.8) 
40.9 (33.9-18.3) 
35.6(27.9-44.1) 

41.2(33.6-49,1) 
43.6 (39.8-17.4) 

36.3 (29.1-44.2) 
42.5 (33,4-52.1) 



28.0 (25.6-30.4) 



31.! (28.2-34,1) 
2C.7 (22.3-3!..';) 
26.9 (23.3-30.7) 
28.C (24.8-32.8) 

29.6 (26.2-33J2) 
20.9 (17.9-24,2) 
28.0 (23.9-32,6) 
26.6(1 9.8-34.8) 

25.8 (23.1-28.7) 
27.2(23.1-31,7) 
29.3 (25.6-33.3) 

24.6(21,7-27.8) 
28.5 (23.8-33.7) 
29.2 (25.9-32.7) 



26.0 (22.3-30.1) 
28.4 (25.7-31.3) 

30.1 (24.4-36.6) 
27.2(21.6-33,7) 

29.2 (2C.7-32.0) 
24,2 (19.3-30.0) 
25.7 (19.7-32.6) 



27.8 (24.9-31.0) 

26.2 (16.6-38,9) 
23.4(16.9-31.6) 

28.3 (23.0-34.1) 
27.3 (24.3-30,6) 
29.3 (20.9-39.5) 
24.2 (19.S-29.S) 



25.3 (15.9-37.8) 
29.1 (22,5-36.7) 
27.8 (22,5-33.8) 
30.0 (24.8-35.7) 
23.6 (16.9-30.6) 

23.0 (16J-30.G) 

22.5 (16.8-29.4) 

29.1 (25.5-33.0) 
24.5 (18.4-31.7) 

24.2 (19.4-29.7) 
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United States was liigh-alniost one wonmn in tlireo 
was posiUve for bacterial vaj^niiosis {29.2%. Althougii 
younger women, those between Uie ages of 14 ajid 1!) 
years, had a somewhat lower prevalence (2:-J.3'!ii)) of 
bacterial vaginosis, among the 20 years and older 
group the prevalence was between 28»/ii and 31"/i(. The 
prevalence of bacterial vapnosis varied significantly 
with race or ethnicity, educaUon, and poverty/income 
ratio. Bacterial vaginosis was mare common among 
black, non-Hispanic {5I.6''/i)) and Mexican-American 
(32.1%) women than among white, non-Hispanic 
women (23.2%). Women with more than a high 
school education were less likely to be positive for 
bacterial vaginosis than those with a high school 
education or less (26% versus 33-34'Ki). Similarly, the 
prevalence of bacterial vaginosis was lower among 
those living well above the federal poverty level (24"/it) 
compared with those living at or near [34%) or below 
(37%) the federal poverty level. 

Selected reproducUve history characteristics were 
also associated with the prevalence of bacterial vagi- 
nosis. Although there was no noticeable trend in the 
relationship to bacterial vaginosis and age at men- 
arche, women who reported douching in the past 6 
months had significantly higher prevalence of bacte- 



rial vaginosis than those who did not {'15% versus 
24%; P<.m). 

We examined the association between sexual 
history tuid bacterial vaginosis prevalence among 
women between die ages of 20 and 49 years and 
found that a histoi7 ofsexual intercourse and number 
of male sexual partners were associated with bacterial 
vaginosis. Women who reported no history ofsexual 
intercourse had rates of bacterial vaginosis that were 
half that of women who reported a history of inter- 
course (15"/ii versus 30"/o). The prevalence of bacterial 
vaginosis was highest among those who reported the 
youngest ages of first intercourse: 'M>M among those 
who reported first intercourse between the ages of 14 
and 19 compared with 30"/n for those aged 15-19 
years and 24% for those whose first intercourse oc- 
curred at age 20 or older. Number of male sexual 
partners during one's lifetime and in the past year was 
also associated with prevalence of bacterial vaginosis. 
Prevalence was lowest among women with the fewest 
male sexual partners in their lifetimes and among 
those with a single male sexual partner in the past 
year. 

Results from crude and adjuiited logistic regres- 
sion analyses are presented in Table 2. Although the 



Table 2. Crude and Adjusted Odds Ratios and 95% Confidence Intervals for Selected Demographic 
Characteristics Among Women 14-49 Years of Age 



Age(y) 

14-19 

20-29 

30-39 

40-49 
Race or ethnicity 

White, non-Hispanic 

Black, non-Hispanic 

Mexican American 

Other race/Hispanic 
Education 

Less ttian high school 

High school/GED 

IWore tiian high school 
Household income in relation to federal poverty below 

Below (PIR 0 to l.O) 

At (PIR more than 1.0 to 2.0} 

Above (PIR 2.0 ormore) 
Douched in past 6 months 
No 
Yes 

Missing 



0.G7 (0.52-0.87) 



0.87(0.71-1.05) 
1.01 (0,74-1.37) 



3.S2 (2.97-4.19) 
1.S7 (1.22-2.01) 
1.89 (1,22-2.91) 

1.42 (1.17-1.73) 
1,48 (1.17-1.88) 



1.84 (1,46-2.31} 
1.63 (1.25-2.13) 



2.57(2.19-3.03) 
2.33 (1.72-3.17) 



GED, general equivalency diploma; PIR, poverty/income ratia 



Model 1: 
Adjusts for 
Sociodemograph ics 


Model 2: 
Adjusted for 
Soclodemograph ics 
and Douching 


0.56 (0.40-0.80) 


0.6S (0.46-0.93) 


0.95 (0.78-1.15) 


0.91 (0.76-1.10) 


1.17 (0,88-1,56) 


1,12 (0.85-1.49) 


3.13 (2.58-3.80) 


2.66(2.18-3.25) 


1.29 (0,99-1.69) 


1.33 (1.03-1.72) 


1.76 (1.13-2,75) 


1,78(1.11-2.85) 


1.47 (1.13-1.92) 


1.37 (1.05-1.77) 


1.38 (1.08-1.75) 


1.29 (0.99-1.66) 


1.43 (1.17-1.74) 


1,32 (1.08-1.63) 


1.34(1.02-1.77} 


1.27 (0.95-1.69) 




im (1.54-2.40) 




1.90 (1.36-2.65) 
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odds of bacterial vaginosis were lower among- women 
- between the ages of M. und 1.9 years compared with 
20-29 year olds, there were no significant dinerences 
between 20-29 year olds aiid those at ages 30-39 
years or 40-49 yeai-s. Differences observed in the 
crude prevalence of bacterial vaginosis by race or 
ethnicity, education, and poverty/income raUo per- 
sisted in the adjusted analyses. Black, non-Hispanic 
women had an odds of bacterial vaginosis three times 
that of non-Hispanic, white women after adjusting for 
age, education, and poverty. Similarly, the odds for 
Mexican-American women were sliglitly higher when 
compared with white women. The adjusted analyses 
conRrmed associaUons of bacterial vaginosis with 
lower levels of education and living near or below the 
federal poverty level. These differences remained 
widi the addidon of history of douching to the model. 
The association with black race was attenuated some- 
what (OR 2.66, 95% CI 2.18-3.25). 

In the subsample of women between the ages of 
20 and 49 years, we also examined the association 
with specific sexual characterisUcs after adjustment 
for age, race or ethnicity, education, and poverty level 
{data not shown). After adjustment for age, race or 
ethnicity, education, and poverty level, age at first 
intercourse and number of lifetime male sexual part- 
ners were associated with increased odds of bacterial 
vaginosis. Women who reported later ages of inter- 
course had somewhat, but not significandy, lower 
odds of bacterial vaginosis. Women with two to five 
lifetime male sexual partners did not have a higher 
odds of bacterial vaginosis (OR 1.03, 95% CI 0.69- 
1.54) than women who had one hfetime male sexual 
partner, but women with six or more partners did 
have a higher odds ratio (OR [6-10 partners] 1 47 
95% CI 1.03-2.09; OR 111 or more partners] 1 62 
95% CI 1.09-2.39). Further, having had two or more 
male sexual partners in die past year was associated 
with an increased odds of bacterial vaginosis com- 
pared with women with a single male sexual partner 
(OR 1.46, 95% CI 1.08-1.98). 

Aldiough preUminary, these data suggest possible 
interaction between race or ethnicity and other socio- 
demographic characteristics. Figure 1 presents die 
prevalence of bacterial vaginosis by age, education, 
and poverty/income ratio for the different strata of 
race or edmicity. We sought to understand whether 
die reladonship between age, education, and poverty 
were uniform across race or edinic groups. For exam- 
ple, an inspection of the association with age in die 
different groups indicates diat bacterial vaginosis 
prevalence increases widi age among white, non- 
Hispanic women (P=.33, test), is flat among Mex- 




_ 1. Prevalence of bacterial vaginosis by age (A), educa- 
tion (B), and povertyflncome ratio (C) stratified by race or 
ethnicity. CED, general equivalency diploma. 
Allsivonb. Prevalence of Bacterial Vaginosis. Obstet Cyneco! 
2007. ' 
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ican-American women {/^.7()), and appnara to phi- 
teau among black, non-Hispanic women (Voni 20 
years of* age and older {P=:A]). Similarly, when 
examining the association beLween race or ethnicity 
and poverty level, the prevalence of bacterial vagino- 
sis decreases slightly, but not significantly, witliin 
mcreasing income for white and Mexican-American 
women (P=.l5 and P=.Ui, respectively). Among 
black women, there was little difference in the prev- 
alence of bacterial vaginosis among those living be- 
low (55%) or near {57<W)) the poverty level and a 
significant decrease in prevalence among those living 
at two times the poverty level (44<«i; P=.()\). An 
additional analysis, which evaluated for interactions 
between race or ethnicity and sociodemographic 
characteristics, largely confirmed these findings. The 
findings were suggestive of interacUons with age 
(P=.04}, level of education [P=,Q7], and poverty/ 
mcorae ratio [P=.U] and while, non-Hispanic race or 
ethnicity. Further, there was a significant interaction 
between age and Mexican-American ethnicity. There 
were no significant interactions with black, non-His- 
panic race or ethnicity. 

DISCUSSION 

Although many studies have examined the preva- 
lence of bacterial vaginosis among different subpopu- 
lations, the National Health and Nutrition Examina- 
tion Survey provides an estimate of the prevalence of 
bacterial vaginosis in the general U.S. population. 
The prevalence of bacterial vaginosis in multiple 
Studies of pregnant women ranged from I2"/() to 
2i%,s,i.5,t(i as ^^^^ ^ 3^,;^^ p^^pl^ ^^^^^^ ^^^^ 

care or seeking termination of pregnancy, and was 
over 50% in a population of injection drug users."' 
Yen and colleagues^ examined women entering the 
military and found that 28% of the sexually experi- 
enced and 18% of non-sexually experienced women 
had bacterial vaginosis. Almost one third of all 
women tested positive for bacterial vaginosis. 

Consistent with the existing literature, ''^•^"-i bac- 
terial vaginosis was more common among black and 
Mexican-American women. A study in women pre- 
senting at a county health center in Michigan found 
prevalence rates of 42% among black women, 35% 
among Hispanic women, and 25% among white 
women. "» The prevalences for white (23%) and His- 
panic (32%) women were roughly consistent with 
those in the general population but somewhat lower 
than diat observed among black women (52%). 

Of note, these data support the conclusion that 
bacterial vaginosis is not exclusively a sexually trans- 
mitted condition. Almost 15% of women who re- 



ported no history of sexual intercoinse had bacterial 
va{^no.si.s. Thi.s finding confirms a previous .study by 
Yen and colleagues,-' in which approximately 18"/i> of 
sexually inexperienced women were found to be 
positive for bacterial vaginosis. 

Previous studies have found that bacterial vagi- 
nosis prevalence increased with age. In a population 
of individuals seeking STD treatment, 23"/(i of women 
aged 14-24 years had bacterial vaginosis compared 
with 33"/ii of women aged 25 years and older. 
Although these national data confirmed that the prev- 
alence of bacterial vaginosis is lower among women 
14 years of age, there is no evidence to support the 
assertion that bacterial vaginosis is associated with age 
among older women. This contradiction may be a 
consequence of clinical study designs that dispropor- 
tionately enroll younger (and higher risk) women. 

Socioeconomic status and poverty are also asso- 
ciated with the distribution of bacterial vaginosis in 
the population. Factors such as Medicaid status, low 
levels of education, absence of a telephone in the 
home, occupation, and employment status have all 
been found to be associated with higher frequency of 
bacterial vaginosis. '"■^"■^■^•^ 

As found in several other studics,^^"-'''-^'^''''^ douch- 
ing was associated with higher prevalence of bacterial 
vaginosis. Further many studies have found that the 
prevalence of douching is higher among African- 
American populations. In this sample 15-17% of 
white and Mexican-American women reported 
douching in the past 6 mondis compared widi 44% of 
black women. The addition of douching to the ad- 
justed model resulted in a change of the effect size of 
black race, but bo± factors remained significant 
predictors of bacterial vaginosis independently. Be- 
cause this analysis is cross-sectional, it is not possible 
to ascertain whether die association widi douching is 
causal or a result of attempts to self-treat vaginal 
symptoms. 

Bacterial vaginosis is common among the general 
population of women in the United States. In fact, the 
prevalence of women with bacterial vaginosis in 
National Health and Nuhition Examination Survey 
was comparable widi diat in many treatment-seeking 
populations. These data confirm what has been 
learned about the sociodemographic distribution of 
bacterial vaginosis from clinical populations, namely, 
that race or ethnicity, education, and poverty are all 
associated with bacterial vaginosis prevalence. One 
contradiction, however, is the association with age. In 
contrast with previous studies, there is not an increas- 
ing prevalence with increasing age. Further, these 
findings indicate that the relationship between demo- 
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grapllic characterisLicii and bsicLcrial va^pnosis may 
var>' by race or ethnicity. It was not clear from 
subgi-oup analyses that associaLioiis with demogmpliic 
characteristics were consistent across race or ethnic- 
ity. Bacteria! vaginosi,s is an imporlant predictor of 
adverse reproductive outcomes, and more complete 
understanding of the dynamics connecting these so- 
ciodemographic characteristics will allow for the cre- 
ation of targeted interventions. AddiKonal waves of 
National Health and Nutrition Examination Survey 
data will be helpful in evaluating this question in 
detail in tlie future. 
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i Colonization of the rectum by Lactobacillus species and 
j decreased risk of bacterial vaginosis. 



Antonio MA , Rabe LK , Hillier SL . 

Magee-Womens Research Institute, University of Pittsburgh, PA 15213, 
USA. 

Lactobacilli colonizing the rectum may be a reservoir for vaginal 
lactobacilli. In a cross-sectional study of 531 females, vaginal and 
rectal colonization by lactobacilli were assessed by culture 
methods. A subset of isolates was identified to the species level 
by use of whoie-chromosomal DMA probes. Lactobacillus crispatus 
(16°/o), L. jensenii (10%), and L. gassert (10%) were the 
prevalent lactobacilli colonizing the rectums of 290 females. Only 
13 (9%) of 147 females colonized by L. crispatus or L. jensenif 
vaginally and/or rectally had bacterial vaginosis (BV), compared 
with 12 (44%) of 27 females colonized by other H(2)0(2)- 
producing lactobacilli (P < ,001). Cocolonization of the vagina and 
rectum by H(2)0(2)-produdng lactobacilli was associated with the 
lowest prevalence of BV (5%), whereas females colonized only 
vaginally, only rectally, or at neither site had a successively 
increased risk of BV (P < .001). Lactobacillus species in the 
rectum may contribute to the maintenance of vaginal microflora. 
PMID: 15995952 [PubMed - Indexed for MEDLINE] 
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Letters to the Editor 



Recurrence of 
Helicobacter pylori 

Infection After 
Eradication Therapy 
in Brazilian Patients 
With Peptic Ulcer 

To the Editor: 

Tlie studies tJiat evaluated the risk 
of Helicobacter pylori reinfection in 
developing countries''^ report a great 
variation in the results (l.I%-41.5% per 
year). In Brazil, a country with high prev- 
alence of H. pylori^ data on the long- 
term reinfection are scarce.'* We report 
the recurrence rate of //. pylori infection 
after successful eradication in a group 
of patients of low socioeconomic status 
with peptic ulcer followed at our gastro- 
enterology unit. 

Fifty patients (22 males; mean age, 
50 + 13 years) with peptic ulcer who 
participated in a previous study^ and 
were successfijlly treated for their 
H. pylori infection with ranitidine bis- 
muth citrate associated to claritliromycin 
for 2 weeks were evaluated. pylori 
eradication was considered to be successful 
when both histologic examination and 
urease lest were negative at the time of 
the control endoscopy performed 
3 months after the treatment of the in- 
fection. The eradication rate with tliis 
treatment was 83%. Patients were fol- 
lowed-up with '''C-urea breath test at 
6, 12, and 18 monllis after tiie termina- 
tion of treatment, and with endoscopy 
at 12, 24, and 36 months after treat- 
ment. The probability of remaining 
H. pylori-nsgalive over time was calcu- 
lated by tlie Kaplan-Meier metliod. The 
mean follow-up period was 20.6 + 8.5 
months. All patients completed one year 
of follow-up. Thirty-four of them were 
followed for 1 8 months, 24 for 2 years, 
and 8 for 3 years. Recurrence of H. pylori 
infection occurred in 6 patients: 1 within 
6 months of treatment, 4 during the sec- 
ond year, and 1 in the third year. The 
cumulative recurrence rate of the in- 
fection was 2%, 16.8%, and 27.2% at 1, 
2, and 3 years, respectively. No ulcer 
recurrence was detected in this group of 
patients. 



It is generally accepted that most 
early recurrences of /7. pylori in adults 
are recrudescence of a suppressed in- 
fection and not true reinfection cases.* 
Considering that, it has been suggested 
that 3 months would be an effective and 
practical dme interval to test for eradi- 
cation.' This recommendation was followed 
in the present study. We did not perform 
fingerprint analysis of H. pylori strains, 
which would have confirmed that the 
reported recurrences were reinfection 
cases. However, 5 of the 6 cases of in- 
fection recurrences occurred after I year 
of follow-up and are therefore likely to 
be true cases of re infection. 

In summary, although the majority 
of patients remained fi-ee of infection 
after 2 years of follow-up, witli no ulcer 
recurrence, die results of tliis study 
suggest an increasing cumulative risk 
of reinfection over tune in our study 
population living in a high prevalent 
setting ofH pylori. Our results reinforce 
the importance of measures to improve 
inirastructural problems and hygienic 
conditions to eliminate //. pylori fix»m 
common sources and therefore decrease 
the chances of reinfection in developing 
countries. 



Maria A. Mcsquita, MD, PhD 
S5nia L. S. Lorenu, MD 
Jos£ M. R. Zcitunc, MD, PhD 
Giro G. Montcs, MD, PhD 
Fabio Guerrazzi, MD 
Josg O. M. Santos, MD 
Antonio F. C. Carvalho, Jr., MD 
Jazon R. S. Almeida, MD, PhD 
Gfl-stroenterolDgy Unit 
GnstTocentro 
Medical Sciences Faculty 
State University of Cnmpinas 
Sao Paulo, Brazil 
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Probiotics Affects 
Vaginal Flora in 
Pregnant Women, 
Suggesting the 
Possibility of 
Preventing 
Preterm Labor 



To the Editor: 

We read with interest tlie article by 
Reid and Devillard' concerning tlie poten- 
tial eifects of oral or vaginal probiotics 
against abnormal vagina] flora and preterm 
labor. Nevertlieless, that article mcluded 
only speculation of effects of probiotics 
during pregnancy. Our study is intended to 
clarify whether adminishation of probiotjc 
lactobacilli can affect vaginal flora in preg- 
nant women. 

A randomized, controlled study 
enrolled 24 healthy Japanese women 
near iliU term (>35 weeks of gestation) 
singleton pregnancy. The Institutional 
Review Board of the University of Fukui 
approved this study. After obtaining 
informed consent, we used a table of 
random numbers to assign patients ran- 
domly to one of tvTO groups. For subjects 
allocated to the probiotics group, 120 g/day 
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of fermented milk containing lO' colony- 
forming units/mL or Lactobacillus jobn- 
sonii Lai (Nestle Japan Ltd, Tokyo, 
Japan) was supplied for 2 weeks. Sub- 
jects allocated to the control group were 
provided placebo-fermented milk during 
the study period. Vaginal fluid samples 
were collected from each subject before 
and after the fermented milk administra- 
tion. After incubation, various colony 
types were isolated and identified. In 
addition, lactobactlli grown on the MRS 
agar plates (Difco Laboratories, Detroit, 
Ml) were counted. 

In the probiotics group, pathogenic 
bacteria such as Gardnerelh vaginalis 
and Coiynebacleriwn species were de- 
tected in 4 of the 12 subjects; all of them 
were undetectable after tlie test food 
administration. In contrast, patliogenic 
bacteria were delected in 3 of the 12 
subjects in the control group; all of those 
bacteria remained in the vagina for 2 
weelts. Administration of the probiotic 
food significantly increased the number 
of vaginal lactobacilli (P = 0.025). 

This preliminary study showed that 
oral administrations of probiotics can 
restore vaginal flora in pregnant women. 
Our results strongly support Reid's tlie- 
ory.''- Bacterial vaginosis is a risk factor 
for preterm labor, especially in high-risk 
pregnant women,-* Furtiier studies are 
needed, but probiotics use is of potendal 
benefit to pregnant women. Probiotics 
are an effective method to prevent or treat 
bacterial vaginosis and related disease 
during pregnancy. 



Kojt Nishijima, MD 
Ken-ichi Shukunami, MD 
Fumikazu Kotsuji, MD, PhD 
Department of Obstetrics and Gynecology 
University of Fukui 
Fukui, Japan 

Supported in part by a 2001 Grant-in-Aid for 
scientific research from the Applied Science 
Board for Lactic Acid Bacteria. 
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Necrotizing Fasciitis 
Secondary to 
Intraabdominal 
Infection in Crohn's 

Disease 

To the Editor: 

Necrotizing fasciitis is a life- 
threatening infection with mortality 
rates of 10% to 20%; cases arising 
secondary to intraabdominal infection 
were unusual, and most such reported 
cases prove fatal.'"' Crolm's disease is an 
inflammatory bowel disease and often 
associated witli infection, but cases result- 
ing m necrotizing fasciitis are also rare.^''' 
We report a case of a necrotizing fasciitis 
with Crolm's disease tliat required surgi- 
cal tlierapy including laparotomy. 

A 26-year-old woman was referred 
from an emergency unit for sacroiliac 
pain with high fever. She had had no 
history and symptoms of bowel disease 
before. She had swelling of the abdom- 
inal wall spreadhig to the sacroiliac area 
with erythema with a white blood cell 
count of 36.9 XIOVL, indicating severe 
inflammation. Skin incision and drainage 
were immediately performed, and £s- 
clterichia coli was isolated from the pus 
and necrotizing skin. Abdominal CT 
scan revealed that the rectus abdominal 
muscle was mptured and an abscess was 
found between the abdominal muscle 
and the posterior layer of abdominal 
sheath, but there were no fistulae and rup- 
ture on peritoneum. 

Two weeks later, surgery removing 
all the dead tissue was carried out. The 
whole cavity, which showed continuity 
from the paraumbilical area to the right 
iliac crest toward the back, was left open 
widely and a free skin grafting was 
performed to resurface the whole wound. 
Intraoperative examination showed no 
flshilae lead to the intraabdombal cav- 
ity. All the wounds were heal within 1 
month. However, 6 weeks later, she de- 
veloped a small fistula at the paraumbil- 



ical area that passed to the intraabdominal 
cavity, so she underwent laparotomy. Tlie 
fistula passed into the abdominal cavity 
and communicated with the ileum lliat 
adhered to the abdominal inner wall. The 
diseased bowel vras resected, and tlie 
patient made a fiill recovery. Histologic 
examination showed longitudinal ulcer, 
pseudopolyposis, and skip lesion, which 
indicated Crohn's disease. 

Necrotizing fasciitis is an aggres- 
sive and life-direatening infection but 
rarely originated from intraabdominal 
processes. In our case, the perforation 
of inflammatory ileum on 2 days before 
admission would have been an onset, but 
clear signs of peritonitis were not iden- 
tilied. Furthermore, severe subcutaneous 
soft tissue inflammation hindered dis- 
covery during the clinical examination. 
Gerber et al indicated, in their 2 cases of 
necrotizing fasciitis secondary to ruptured 
appendicitis and diverticulitis, that die 
abdominal examination was surprisingly 
benign with no rigidity or tenderness.' 

Progressive necrotizing fasciitis in 
Crohn's disease is quite unusual and has 
been reported only by two investiga- 
tors.^'^ In botli cases, patients were 
diagnosed with Crohn's disease before- 
hand and followed up. In contrast to 
those cases, our case showed uncommon 
course in which Uie patient had presented 
no bowel symptoms before, and proved 
to be Crohn's disease after laparotomy. 

It is concluded that necrotizing 
fasciitis secondary to intraabdominal pro- 
cesses is unusual but can deal the patient 
a fijtal blow, so the early recognition and 
debridement of the involved tissue are 
essential and represent the only treatment 
of diese aggressive infections. 



Fujioka Masaki, MD 
Nishimura Gozo, MD 
Hamada Yuuichi, MD 
Ishihaya Hirosi, MD 
Miyazato Osamu, MD 
Yamamoto Tsuneyuki, MD 
Department of Plastic and 
Reconstmctive Surgery 
Fukuoka Tokushukai Medical Center 
Fukuoka, Japan 
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Augmentation of antimicrobial metronidazole therapy of bacterial 
vaginosis with oral probiotic Lactobacillus rhamnosus GR-1 and 
Lactobacillus reuteri RC-14: randomized, double-blind, placebo 
controlled trial. 



Anukam K, Osazuwg E, Ahonkhai I , Nowu M , Osemene G , 
Br uce AW , Reid G . 

Department of Pharmaceutical Microbiology, Faculty of Pharmacy, 
University of Benin, Nigeria. anul<amkc(aiyahoo.com 

This study enrolled 125 premenopausal women diagnosed with 
bacterial vaginosis (BV) by presence of vaginal irritation, 
discharge and 'fishy' odor, and Nugent criteria and detection of 
sialidase enzyme. The subjects were treated with oral 
metronidazole (500 mg) twice daily from days 1 to 7, and 
randomized to receive oral Lactobacillus rhamnosus GR-1 (1 x 10 
(9)) and Lactobacillus reuteri RC-14 (1 x 10(3)) or placebo twice 
daily from days 1 to 30. Primary outcome was cure of BV as 
determined by normal Nugent score, negative sialidase test and 
no symptoms or signs of BV at day 30. A total of 106 subjects 
returned for 30-day follow-up, of which 88% were cured in the 
antibiotic/probiotic group compared to 40% in the 
antibiotic/placebo group (p<0.001). Of the remaining subjects, 
30% subjects in the placebo group and none in the probiotic 
group had BV, while 30% in the placebo and 12% in the probiotic 
group fell into the intermediate category based upon Nugent 
score, sialidase result and clinical findings. High counts of 
Lactobacillus sp. (>10(5) CFU/ml) were recovered from the 
vagina of 96% probiotic-treated subjects compared to 53% 
controls at day 30. In summary, this study showed efficacious use 
of lactobacllli and antibiotic in the eradication of BV in black 
African women, 

PMID: 16697231 [PublVled - indexed for MEDLINE] 
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1 Clinical study comparing probiotic Lactobacillus GR-1 and RC-14 
I with metronidazole vaginal gel to treat symptomatic bacterial 
i vaginosis. 



Related Articles 



Anukam KC, Osazuwa E . Osemene GI , Ehiqiagbe F, Bruc e 
AW, Reid G . 

Department of Pharmaceutical Microbiology, Faculty of Pharmacy, 
University of Benin, Nigeria. 

Bacterial vaginosis (BV) is particularly common in black women, 
and in Nigeria it is often caused by Mycoplasma, as well as 
Atopobium, Prevotella and Gardnereila sp. Antimicrobial 
metronidazole oral therapy Is poorly effective in eradicating the 
condition and restoring the Lactobacillus microbiota in the vagina. 
In this study, 40 women diagnosed with BV by discharge, fishy 
odor, sialldase positive test and Nugent Gram stain scoring, were 
randomized to receive either two dried capsules containing 
Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri RC-14 
each night for 5 days, or 0.75% metronidazole gel, applied 
vaginally twice a day (in the morning and evening). Follow-up at 
day 6, 15 and 30 showed cure of BV in significantly more probiotic 
treated subjects (16, 17 and 18/20, respectively) compared to 
metronidazole treatment (9, 9 and 11/20: P=0.016 at day 6, 
P=0.002 at day 15 and P=0.056 at day 30). This is the first report 
of an effective (90%) cure of BV using probiotic lactobacllli. Given 
the correlation between BV and HIV, and the high risk of the latter 
In Nigeria, Intravaginal use of lactobacllli could provide women 
with a self-use therapy, similar to over-the-counter antl-yeast 
medication, for treatment of urogenital infections. 
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j Vaginal microbial diversity among postmenopausal women with 
i and witliout hormone replacement therapy. 



He inemann C . Reid G . 

Canadian Research and Develapment Centre for Probiotlcs, Lawson Health 
Research Institute, University of Western Ontario, London, Canada. 

Urogenital Infections in postmenopausal women remain 
problematic. The use of estrogen replacement therapy has been 
shown to lower these infection rates, corresponding to increasing 
colonization by Lactobacillus species. Despite the gut's 500 
microbial species and the proximity of the anus to the vagina, 
only a relatively few microbial strains appear to be able to 
colonize the urogenital area. In the present study, the sparsity of 
microbes in the vagina was confirmed by denaturing gradient gel 
electrophoresis analysis of swabs taken at time zero and monthly 
for 3 months from 40 postmenopausal subjects receiving 
Premarin (conjugated equine estrogen in combination with 
progesterone) hormone replacement therapy (HRT) and 20 who 
were not on HRT. Lactobacilli were recovered from the vagina of 
95% or more women in both groups, but in the HRT group, 
Lactobacillus were more often the dominant and only colonizers 
and significantly fewer bacteria with pathogenic potential were 
found, The incidence of bacterial vaginosis was significantly lower 
In the HRT group than In the non-HRT-treated women (5.6% 
versus 31%), The use of HRTs has recendy come under criticism. 
The ability of drugs such as Premarin to help recover the 
lactobacilll vaginal microbiota appears to be at least one benefit of 
HRT use. In women not using HRTs, use of probiotlcs may be the 
only way to restore a nonpathogen-dominated flora. 
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